Feasibility analysis of solar energy systems in Greece by Tsalikis, George
  
 
FEASIBILITY ANALYSIS OF SOLAR ENERGY 




















SCHOOL OF SCIENCE & TECHNOLOGY 
A thesis submitted for the degree of  









This dissertation was written as a part of the MSc in Energy Systems at the 
International Hellenic University. Its purpose is to analyze the feasibility of solar 
systems in Greece in present status along with a view in the future.  
Having high solar energy potential as a country, thirty-year old established 
leading industry in Domestic Hot Water (DHW) production systems, developing solar 
thermal systems and booming in photovoltaic, along with the global necessity for 
renewable energy increase specialized in EU by several directives; makes investment 
in solar systems very attractive nowadays. Moreover the increase in prices of 
conventional energy carriers’ like oil and natural gas make such systems even more 
economically feasible.  
This dissertation will try to shed light in the present status of solar systems in 
Greece and particularly in their economical feasibility with contemporary parameters 
like new legislations and conventional fuel prices and predictions and market prices. 
Using meteorological data for every region Greek major cities, a useful guideline map 
will be presented in the only flourishing market at the moment. 
I would like to thank Dr Martinopoulos Georgios for his useful guiding, 
scientific support and general contribution to this project and Dr Dergiades Theologos 
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LIST OF ACRONYMS 
 
Acronym Definition 
UN United Nations 
EU European Union 
DHW Domestic Hot Water Production 
SH Space Heating 
RES Renewable Energy Sources 
KENAK Regulation of energy efficiency and consumption classification of buildings 
(Greek acronym) 
RH Reference House 
NPV Net Present Value 
IRR Internal Rate of Return 
PBP Pay Back Period 
LAGHE Operator of the Greek electricity market (Greek acronym) 
DEDDHE Administrator of the Greek distribution network of electricity (Greek 
acronym) 
YPEKA Ministry of environment and climate change (Greek acronym) 
RAE Greek Regulatory Authority of Energy 
PLC Programmable Logical Controller 




1 INTRODUCTION AND GOAL 
 
1.1 INTRODUCTION 
It is widely acceptable that modern living standards and all aspects of present 
life are based on energy consumption in various forms and from various sources. So 
though the conversion of primary energy to useful work or heat, we get the ability to 
produce, transform and transport all sort of goods and commodities, along with the 
achievement of comfort conditions in households, and work places, which are the 
fundamentals of the technological base towards the progress of our civilization.  
On the other hand, having the evolution based on energy consumption, serious 
ecological and economical problems have been emerged within the last decades. 
Global warming from “green house’’ gas emissions and depletion of fossil fuels are 
key issues to handle nowadays in order to maintain sustainability. Serious efforts have 
been made since the 80’s both from the United Nations (UN) and the European Union 
(EU) and policies were implemented to reduce CO2 emissions and promoted the use 
of renewable sources. Directive 2009/28/EC implied that member states should 
increase their use of renewable along with energy efficiency and savings beyond 
2012, by 20% until 2020. The target for renewable can be achieved individually by 
each EU country according to its policy and renewable energy potential distribution. 
A mature and developing market exists in solar systems in the EU and in 
Greece in particular. CO2 free technology with life spam reaching fifteen to twenty 
five years, but with low density, rather costly machinery and legislation scheme for 
indirect subsidization should be closely examined from engineering and financial 
perspective. Serious and objective techno economical analysis can work towards and 
promote further development of the particular market. 
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1.2 CHAPTERS STRUCTURE 
The dissertation aims to perform feasibility analysis of solar energy systems in 
Greece. It is composed of ten chapters. In the first chapter there is a general 
introduction to the subject and the goal of the dissertation. In the second, the relevant 
literature is reviewed focusing on older feasibility analysis that took place in Greece 
with the former legislation scheme having different data, regions and no obligations 
for building performance. In the third chapter, description on the systems examined 
which are solar systems for Domestic Hot Water (DHW) production, systems for 
solar Space Heating (SH) abetting with DHW production and PVs, flow diagrams in 
order to cover the needs of the Reference House, which is a typical reference 88 m
2
 
single-family building, examined for Greece. It is not the reference building described 
in the Greek legislation for energy efficiency in building with the acronyms 
(KENAK). In the fourth chapter, the analytical description on the Reference House is 
presented, along with the floor view and building elements’ characteristics. The fifth 
describes the feasibility analysis tools used. The sixth has the feasibility analysis of 
the photovoltaic (PV) systems. The seventh presents the analysis of the solar 
Domestic Hot Water (DHW) systems. The eighth covers the analysis of systems 
combining solar DHW and Space Heating (SH) abetting. Chapter nine includes 
conclusions and chapter ten suggestions for further research 
 
1.3 MOTIVATION AND GOAL 
This dissertation aimed to calculate in a scientific and accurate way the 
feasibility of solar systems described in section 1.3. The methodologies of Net Present 
Value (NPV), Internal Rate of Return (IRR) and Payback Period (PP) were applied. 
The present market prices of the systems analyzed, along with the prices of 
commodities (Oil, Natural Gas and Electricity) are taken into account. Moreover the 
resent legislation on building efficiency performance implies and motivates the use of 
such systems in Greece. Decreasing market prices especially in the PVs have make 
this kind of investments very attractive nowadays, but serious non-market and up to 
date (2012) sources of feasibility analysis do not exist. 
The purpose of this work was to create calculator tools for this kind of 
calculations and to collect and deliver resent necessary data from KENAK for the 
DHW and SH analysis. Moreover, to perform the feasibility analysis for all Greek 
major cities using the Reference House in order to crate a map of results and to 
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compare the feasibility of SH systems in the three building-regulatory periods 
regarding thermal insulation, before 1979, 1979-2010 and after 2010. The calculation 
tools created are easy for anyone to make his/her own analysis by simply changing the 
geographical and price data, combined with the nominal characteristics of the 
technologies interested in investing to. 
Finally useful results are highlighted in addition to proposals for future further 
research on the topic. 
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2 LITERATURE REVIEW 
 
2.1 GENERAL 
 Fossil fuel depletion and increasing demand, along with environmental issues 
and global warming are serious realistic concerns globally. These problems impose 
the use of renewable sources. Solar energy is abundant, devices for its conversion to 
heat, cooling or electric power are consolidated for more than half a century and the 
relative market flourishes in Europe, the USA, as well as economies in transition like 
China.  
Greece was a leading country in this field, although during the last eight years 
the market has shrunk due to economic recession, apart from PVs, which were 
strongly indirectly subsidized though high feed-in tariffs. This chapter includes an 
overview of the solar market (2012) status in Greece in terms of power and energy 
production capacity from solar collectors for water heating, cooling and heating and 
PVs. Additionally the goals and national strategy up to 2020 as well as relative 
feasibility analysis studies for Greece are presented. 
 
2.2 HISTORY OF SOLAR DHW SYSTEMS IN GREECE 
 The first solar collector for domestic hot water (DHW) production was made 
in Greece in 1974 by the company SOLE SA having the brand name 
“HLIOTHERMO” and it was an open circuit collector which could not avoid freezing 
in temperatures below zero, while a year later, the first closed circuit system was 
manufactured by the same company. Since then a new market opened in Greece 
which in a few years managed to become a major European producer and exporter 
along with Germany. Until then DHW was produced with electricity or biomass 
(timber) boilers.  
 The two oil crisis in the 1970s that first triggered the interest on renewable 
sources and the price increase of electricity played a key role to the development of 
the particular market which was rapid. The use of solar systems was also strongly 
promoted by the government, by tax reductions and campaigns in the media. In 1980 
annual sales reached 90.000 m
2





Fig 2.2.1:  Diagram of annual sales of solar DHW systems in Greece, for households and hotels 
with and with out tax substitution, 1974-2002 
[1] 
 
In the first period, (1974-1978), sales were relative low as it was the phase of 
market penetration. From 1978 to 1980 the annual installed collector surface 
increased from 8.000 m
2
 to 120.000 m
2
 per year. Slower positive development 
followed in the early 1980s, while the peak for the first twenty-year period was 
reached in 1987. The introduction of Value Added Tax (VAT) increased directly the 
prices and the market reacted with reduced sales’ up to 1992. The economic growth of 
the mid 1990s along with new financial incentives, like tax reduction, increased sales 
again, even higher than the peak of the 1980s. Strong positive growth took place from 
1992 to 1998. The following years up to 2002, the status of sales increase remained 
steadily positive. 





making Greece a worldwide pioneer in installations. This capacity saved 1.513 
GWhel. By the end of 2008 the sales of solar collectors were steadily increasing 
annually reaching 200.000m
2
 per year in 2007 
[3]
. In 2008, due to global financial 
crisis there was a 25% decrease as many manufactures terminated their operations, 
while the estimations were for 7 % to 9,5 % annual increase 
[2]
. From 2009 to 2011 
new market growth took place, mainly along with the installation of PVs as DSHWS 
were obligatory for the relative permit.  
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Fig 2.2.2:  Diagram of annual solar collectors installed in Greece from 1992 to 2011 
[3] 
 
 The status in 2012 can be described by an increase in sales during the first 
semester despite the debt crisis, the unemployment and the collapse of the real estate 
market. No official data have been published yet. Moreover having no direct financial 
incentive related to their income, the market of solar collectors faces competition 
from PV systems which produce profit in terms of revenue and not of savings, which 
is a very significant psychological parameter for investors. Finally the competition is 
increased by the fact that they are something new for Greece, plus PVs look more 
“attractive” in terms of contemporary and promising technology with expected life 
spam of twenty years without technical failures or serious maintenance requirements. 
Feasibility analysis can reveal the realistic status especially if it is followed by 
sensitivity analysis examining the elasticity of future prices in fossil fuels, electricity 
and CO2 emission price.  
 
2.3 HISTORY OF PVs IN GREECE AND THE PRESENT STATUS 
 The first PVs were installed in Greece in the 1980s by the Public Power 
Corporation (PPC) mainly in remote islands 
[4]
. Distance from the main grid and lack 
of noise were the main incentives. 
Other installation had been installed by the Hellenic Communications 
Organization for stand-alone antennas and transmitter networks (up to 100 kWp) and 




Table 2.3.1:  The first PVs in Greece by PPC in the 1980s 
 





Agia Roumeli 50 1982 Stand alone community, R&D 
(was dismantled in 1991) 
Kythnos 100 1983 Stand alone island demo 
Antikythira 27,6 1987 Stand alone island demo 
Gabdos 20,8 1987 Stand alone island demo 
Arki 27,8 1988 Stand alone island demo 
Aegean islands 61,6 1988-1990 80 stand alone small systems 
Sum 287,5   
 
 
PV installations started to become widespread in 1994 as they were supported 
by national projects.  
There were various national projects like: 
 Operational Energy Programme (1997-2000), subsidizing 50% to 55% of the 
investment.  
 Operational Programme of Competitiveness I (2001-2007), subsidizing 45% 
to 50% of the investment. 
 Operational Programme of Competitiveness II (2007-2013) 
Together with the passing of relevant legislation, they were the key financial 
motivations for the private sector to invest in. In the early stage, the dominant scheme 
was the feed-in tariff plus subsidies, which generated large profits despite higher cost 
for the first investors. 
In 2002 alone, annual installed capacity reached 350 kWp.  
 
Fig 2.3.1:  Diagram of annual installations of PV systems in Greece until 2003 
The status remained mostly stationary up to 2007. 
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 Fig 
2.3.2:  Diagram of cumulative installations of PV systems in Greece until 2009 
The take-off of PVs took place in Greece after 2008 when individual 
householders entered the market with rooftop installations (<10 kWp), financed 
privately or from the banking sector, in terms of loans, and the status for permits 
became clearer for medium and large scale installations. Additionally, a new trend for 
Greece, but quite established in north Europe has emerged, the autonomous systems 
which are not connected to the grid. The majority of these systems are located in Agio 
Oros of Halkidiki, while other in remote country houses, antennas, lighthouses, 
stables and farms. 
 
Fig 2.3.3:  Diagram of annual and cumulative installations of PV systems in Greece until June 2012 
[5] 
By June 2012, the total cumulative installed capacity of PVs was 1.022,5 
MWp 
[5]
. 1.015,5 MWp was connected to the grid and 7 MWp were autonomous. In 
the first semester of 2012, more than 391,2 MWp were placed. 
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Fig 2.3.4:  Diagram of cumulative installations of PV systems in Greece until June 2012 per size 
[5] 
 
The statistical data derive from the summation of four categories: 
1. PV parks connected to the grid, registered to the operator of electrical energy 
market, LAGHE. 
2. PV parks in non-interconnected island that are also registered to the 
administrator of the Greek distribution network of electricity, DEDDHE, 
which is the operator of the electricity distribution in Greece. 
3. Systems placed on household rooftops (<10 kWp), registered to LAGHE and 
DEDDHE. 
4. Systems placed on household rooftops (<10 kWp), in non-interconnected 
islands registered separately to DEDDHE. 
 The trend in Greece is definitely an increase in sales and installations of PVs. 
Within a two-year period, from 2010 to 2012, the installed capacity has multiplied 
tenfold. Very rarely, such a market growth has been observed. For the time being, 
PVs are considered as one of the safest investments with a rather low pay-back period 
and a high positive Net Present Value (NPV) 
[5]
. On the other hand questions have 
emerged on whether they are close to the peak of their life cycle as a product and a 
deflation will soon take place. The Miministry of Environment, Energy and Climate 
Change (YPEKA) has only recently (8/2012) decided serious price reductions for 
small scale installations and even higher for large scale power producers once the 
targets of electricity production from PVs are to me met. At this point feasibility 
analysis of such investments is considered crucial. 
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2.4 SOLAR COLLECTORS IN GREECE COMPARED TO THE EU 27 
From 2000 onwards Germany has the majority of capacity and sales of solar 
collectors in the EU 
[3]
 and despite having serious fluctuations the status has not 
changed much over the last decade. In terms of solar collectors’ installations, 
Germany is a category on its own, followed by a group of six other major players 
(Greece, Italy, Poland, France, Spain and Austria) that have annual installed surfaces 
from 200.000 m
2
 to 500.000 m
2
 each. 
Despite the financial crisis, market growth took place over the last five years. 
 
Fig 2.4.1:  Diagram of annual installations in the EU of solar collectors until 2011 
[3] 
 The total installed capacity of solar collector systems in the EU27 was 23,6 
GWth in 2011, 2,6 of which being new installations. 
 




In the case of Greece, the solar collector industry, sales and installations is 
affected by the financial crisis. From being the leader in the EU market among the 
group of six countries, by 2011 is in the last position. The case of Poland is a new 
market which had very small installed capacity and is in the first stage of high market 
growth rate. 
 
Fig 2.4.3:  Diagram of annual installations of solar collectors in Greece until 2011 
[3] 
 
2.5 PVs IN GREECE IN COMPARISON WITH THE EU 27 
From 1996 to 2011, EU has been the pioneer in the sector of PVs world wide, 
followed by US and China. The global capacity was around 70 GWp in 2011 with 








EU has 74% in terms of installations capacity worldwide. Germany is leading 
with 35,8%, Italy with 18,4% and Spain with 6,2% in global scale. The status in 2010 
cumulatively, is represented with absolute numbers in Figure 2.5.1.  
 
Fig 2.5.1:  Diagram of cumulative installations of PVs in EU countries until 2010 
One other interesting approach is the yearly installed capacity of PVs and the 
yearly installed capacity per capita. It is the major parameter that reveals the 
percentage of investmends in PVs. Greece was in the world’s top ten countries in 
newly installed and in the top five countries of newly installed capacity per capita in 
2011, which all happen to be EU members. 
Table 2.5.1:  Newly installed capacity in 2011 
 COUNTRY 
INSTALLED CAPACITY  
(MWp) 
1 Italy 9.280 
2 Germany 7.485 
3 China 2.500 
4 USA 1.885 
5 France 1.634 
6 Japan 1.296 
7 UK 937 
8 Belgium 775 
9 Australia 774 
10 Greece 426 
 
 




1 Italy 160 
2 Germany 91 
3 Belgium 71,5 
4 Slovakia 58 




The growth of PVs in the Greek market, despite the present deep financial 
crisis, has even exceed the expectations of government policy which was based on the 
directive 2009/28/EC and designed by the Ministry of Energy and Climate Change 
(YPEKA), in collaboration with the EU.  
 
2.6 THE GREEK POLICY UNTIL 2020 
In compliance with the directive 2009/28/EC, Greece formed its national 
policy on the achievement of specific goals until 2020. The target was set at a 4% 
reduction of CO2 emissions and 20% penetration of renewable energy compared to 
2005 levels. The legislation scheme 
[7]
 is based on the law 3851/2010. The mix of 
renewable was set at 40% for electricity, 20% for heating and 10% for transportation. 
The expectation concerning electricity production from RES was set at 13,3GWel, 
from which 7,5 GW from wind farms, 2,5 GW from PVs and 3GW from small hydro. 
Measures also include the improvement of the grid in the mainland and the 
interconnection of large islands. The policy proposes measures up to 2050 by 
exploring different scenarios and different action plans, as commodity prices and 
global markets are unpredicted, fluctuating and speculative. Use of nuclear energy is 
not taken into account. The following figures explain the targets graphically. 
 




Fig 2.6.2:  Estimated installed capacity for electricity from RES until 2020 
[7] 
The absolute and relative value of power production from lignite is expected 
to decrease. Natural gas is planed to remain at present levels, along with hydro. 
Electricity production from oil, which mainly takes place in islands, is set to decrease 
while wind and PVs are planned to provide the largest percentage in the electricity 
equilibrium. Finally, power from geothermal is not planned to play an important role 
in the case of Greece. 
 
Fig 2.6.3:  Estimated contribution of different RES for heating and cooling until 2020 
[7] 
The largest percentage of contribution for heat and cooling is expected to 
derive from biomass and secondly from solar heating according to YPEKA. 
 16 
2.7 PRESENT STATUS OF THE MARKET 
The survey at the Hellenic solar collector market revealed that the status 
remained stable in the period from 2009 to 2011 with annual sales around 200.000 m
2
 
per year. This continues in the first semester of 2012 with increased sales in the 
domestic market as well as abroad 
[7]
 compared to the first semester of 2011. 











Sales in Greece 
Boilers (parts) 32.680 34.302 +5% 
Collectors (m
2
) 89.719 98.903 +10,2% 
Exports 
Boilers (parts) 18.933 20.926 +10,5% 
Collectors (m
2
) 51.541 58.730 +13,9% 
 
 
Present and sort term future of PVs in Greece is mainly affected by the policy of the 
fixed price (Feed In Tariff), prices of conventional fuels and electricity, prices of 
panels, inverters and metal structure parts and currency. According to the evolution of 
PV installations, the national target, which is 1.500 MWp by 2014 and 2.200 MWp by 




2020 Target (2.200 MWp)





























Fig 2.7.1:  The targets for PVs by YPEKA and the permits’ allocation, phase & demand [7] 
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On 09/08/2012 a new legislation scheme postponed the allocation of permits 
for all producers >500 kW, which were registered in the Regulatory Agency of 
Energy (RAE) 
[10]
. The scheme emerged under the extreme pressure for savings by the 
International Monetary Fund (IMF) handling the Greek dept crisis, state expenditures 
and financial distribution. Moreover, YPEKA decided to reduce the fixed price for 
buying the electricity (Feed in tariff) from new PV stations of all sizes, from domestic 
on rooftops 5~10 kWp, to PV stations up to 500 kWp. The new feed in tariff pricing 
is demonstrated in the following tables. 
Table 2.7.2:  Price reduction of electricity from PVs <10kWp on rooftops 
[10] 
Month / Year 
New Price 
[€/MWh] 
August 2012 250,00 
February 2013 238,75 
August 2013 228,01 
February 2014 217,75 
August 2014 207,95 
February 2015 198,59 
August 2015 189,65 
February 2016 181,12 
August 2016 172,97 
February 2017 165,18 
August 2017 157,75 
February 2018 150,65 
August 2018 143,87 
 
 
Table 2.7.4:  Price reduction of electricity from PVs <100kWp & >100kWp 
[10] 
 
Connected to the grid 
Not connected to the 
grid 




 (for any capacity) 
[€/MWh] 
August 2012 180,00 225,00 225,00 
February 2013 171,90 214,88 214,88 
August 2013 164,16 205,21 205,21 
February 2014 156,78 195,97 195,97 
August 2014 149,72 187,15 187,15 
For every year n 
after 2015 
1,3*Pn-1 1,4*Pn-1 1,4*Pn-1 
 Pn-1 = The Average Systems’ Limit Price of the previous year  
 
 
Emphasis is expected to be given in other renewable power production sources 
like biomass, geothermal, small scale hydro and wind turbines. The plan is to general 
reduce prices from RES starting from PVs, once the target is close to be met. 
Conclusively, this means that from now on feasibility analysis will have to concern 
the alternative scenarios of investing in other sources than PVs. The impact of price 
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reduction in PV electricity is expected to reduce new installations, stabilize the market 
and promote other RES in the near and long term future.  
 
2.8 EXAMPLES OF PREVIOUS FEASIBILITY ANALYSIS IN GREECE 
Generally, feasibility studies precede technological development and 
investments’ implementation. In the case of Greece, some analysis has been made in 
the past, mainly from universities’ studies and researches. The studies are divided 
according to the examined systems (solar DHW, solar cooling and PVs). The goal 
was to determine the revenues and savings that are expected from a system and 
compare them with the total cost. In case benefits are larger than costs, then the 
investment is feasible. Cost is divided in initial and operating / maintenance. Analyses 
are also time depended taking into account cost of capital, interest rates and future 
price expectations. Relative examples of case studies with older data and expectations 
are presented. 
 
2.8.1 EXAMPLE OF FEASIBILITY ANALYSIS ON SOLAR DHW 
SYSTEMS 
Solar Domestic Hot Water production systems have been examined in terms 
of feasibility analysis by Sidira D. & Koukios E. (2004) 
[1]
 , for various cities of 
Greece using questionnaires and statistical analysis. 
 
Fig 2.8.1.1: Evolution of system prices for the period (1974-2004) in 2004 values 
[1] 
The Pay Back Period (PBP) was examined for applications in households and 
hotels. The period was (1974-2002). The collector area was found to be 2,9±0,8 m2 
and the boiler 168±20 lit for a typical 3~4 member family. The system initial cost was 
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found 880±140 €. The cost, in 2002 values, of the particular size solar system, for the 
examined period, was plotted. 
The evolution of electricity pricing which is the main alternative, in 2004 
values was plotted too.  
 
Fig 2.8.1.2: Evolution electricity prices for the period (1974-2004) in 2004 values 
[1] 
The average coverage of DHW needs and the average annual electric energy 
consumption, for Greece, were assumed 75% and 1700 kWh respectively. Tax 
reduction was computed at 310 € in 2004 prices. The coverage for some cities was 
estimated at 75.9% for the case of Alexandroupoli, 79,8% in Thessalonica, 84,0% in 
Lamia, 91,8% in Patra, 94,7% in Athens and 97,7% in Heraclion. The PBP for the 
period 1974-2004 was calculated. 
 








Previous research indicates that the PBP was fluctuating and varying 
depending on the region due to meteorological differences. 
 
2.8.2 EXAMPLE OF FEASIBILITY ANALYSIS ON SOLAR COOLING 
SYSTEMS 
Solar cooling analysis research had been made in 2003 by Tsoutsos 
[11]
. Solar 
cooling systems (SCS) can be used, either as stand-alone systems or with 
conventional AC, to improve the indoor air quality of all types of buildings. Although 
large potential market exists, SCS were not competitive, compared with electricity-
driven or gas-fired cooling, due to high fixed cost, according 2002 prices. Until then 
only subsidization can make this kind of systems feasible. Four types of systems can 
accomplish solar air conditioning (SAC): 
 Absorption cycles, 
 Adsorption cycles, 
 Open-cycle cooling systems 
 Solar mechanical processes 
The SCS was referred to an office building with total volume of 5.594 m
3
 with 
specific characteristics. The analysis inputs were: 
 Moisture gain from the people 50 g/h per person, 
 A seated person generates 90 W 
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 Heat gains through ventilation, 1 air change/h 
 Maintenance costs: of conventional 4%, of solar: 0,1% of the investment costs 
 Operational cost 80 €/yr 
 Life span 15 years 
 Installation costs: 12% of the equipment cost 
 Energy prices: electricity: 0,099 €/kWh, gas: 0,358 €/m3 
 Energy inflation 2% and interest rate 3% 
 Cost of flat-plate collectors is 171 €/m2 
 Cost of adsorption chiller: 1000 €/kW 
Two alternatives had been examined with different working fluids H2O-LiBr 
and H2O-silica gel. Additionally two regions had been examined Attica and Crete. 
The scenarios, which were investigated for two geographical regions were: 
1. Commercial use in grid-connected areas 
2. Commercial use in grid-connected areas-energy tax 30% on electricity; 
subsidies or other reduction of the investment 40% 
3. Commercial use in remote areas-comparison with gas system 
4. Commercial use in remote areas-energy tax 30% on gas; subsidies or other 
reduction of the investment 40%. 
The computed results generated were the PBP and NVP. 
 
Fig 2.8.2.1: Average Pay Back Period of solar cooling absorption system in Greece for Attica 








Fig 2.8.2.4: Average Net Present Value of solar cooling H2O-LiBrand absorption systems in Greece 
for Attica and Crete in 2002 
[11] 
Previous research indicated that without subsidization solar cooling could not 
be financially feasible.  
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2.8.3 EXAMPLE OF FEASIBILITY ANALYSIS OF PV SYSTEMS 
Residential PV (<10 kWp) feasibility analysis for Greece has been examined 
in 2012 by Karteris M. & Papadopoulos A. 
[12]
. Residential PV installations on 
rooftops were boosted in Greece after 2010, in agreement with 2009/28/EC directive, 
high Feed-In-Tarif (FIT) and new legislation scheme for permits allocation (law 
3734). More specifically, the incentives for residential PVs in Greece were the 
following: 
 Feed in tariff: 0,55 €/kWh (until 09/08/2012 when dropped to 0,250 €/kWh) 
 Eligibility period: 25 years 
 Tax incentives: Tax free income 
 Tax incentives: Tax free income 20% tax relief with maximum of 700 €. 
Feasibility analysis was executed with RETScreen 2011 software, taking into 
account the following input data: 
 Grid connected system. 
 Polycrystalline Si 
 Module efficiency: 14,4% 
 Degradation of panels: 0,8% 
 Nominal operating cell temperature: 45 oC. 
 Temperature coefficient 0,45% / oC. 
 Slope: Optimal 
 Fixed cost: 2.500 €/kWp, plus 23 % Value Added Tax (VAT) 
 Capacity: 10 kWp 
 Feed In Tariff: 0,55 €/kWh 
 Time period: 25 years 
 Energy production: 1.350 kWh/kWp/year 
Results were generated for all EU member states. Although the present 
dissertation examines the status for Greece, the comparison is of great interest and 
could not be omitted.  
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Fig 2.8.3.1: Profits obtained by PV systems compared with solar energy generation cost, tariff support 
and the eligibility period in each EU member state 
[12] 
 
In the analysis the Internal Rate of Return (IRR) was also computed for all 
member states  
 
Fig 2.8.3.2: Internal rate of return of the examined PV systems in each EU member state 
[12] 
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Greece along with Cyprus had the higher IRR among all EU member 
countries, 44,1 % and 23,8 % respectively. Moreover, Greece had the higher Benefit / 
Cost ratio. 
 
Fig 2.8.3.3: Benefit to cost ratio of the examined PV systems in each EU member state 
 [12] 
 
The Pay Back Period was also examined were again Greece and Cyprus had 
the lowest in the EU. 
 
Fig 2.8.3.3: Discounted payback period of the examined PV systems compared with the eligibility 
period of the tariff support in each EU member state 
 [12] 
Feasibility analysis can fully indentify market opportunities and threats. 
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3 EXAMINED SOLAR SYSTEMS DESCRIPTION 
 
3.1 GENERAL 
This chapter describes the solar systems that will be examined in the present 
dissertation. The analysis will be made for all major cities of Greece, which are 
prefectures’ capitals, plus one more for Attica, Fifty two in total. The systems 
examined are the following: 
 Solar Domestic Hot Water production (DHW) systems. 
 Photovoltaic (PVs) 
 Active solar Space Heating (SH) systems which abet conventional heating 
systems and produce DHW. 
The goal is to identify the feasibility of residential solar applications with 
present data, in terms of Net Present Value (NPV), Internal Rate of Return (IRR), 
were NPV does not imply and Pay Back Period (PBP). 
 
3.2 SOLAR DOMESTIC HOT WATER PRODUCTION SYSTEMS (DHW) 
The oldest solar systems in Greece are residential DHW production systems. 
They are composed of the solar collector the heat exchanger and the boiler 
[13]
. They 
are based on the thermosyphonic principal were solar heating reduces density, 
generating natural circulation and energy transition by induction. 
 
Fig 3.2.1:  Typical flat plate collector section and components 
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The majority is nowadays constructed with two circuits. The primary which is a 
closed-circuit operates with a working fluid, typically a water solution of ethyl glycol, 
in order to avoid freezing during winter. The secondary is the open circuit for hot 
water. 
Solar collectors are heat exchangers that transform solar radiation into heat 
[14]
. 
The maximum incident radiation, without optical concentration is 1.100 W/m
2
. Flat 
plate collectors exploit beam and diffuse solar radiation.  
The Greek legislation scheme L8150/2010 imposed that all new buildings 





Fig 3.2.2:  Typical flat plate collector section and components 
Flat plate collectors are generally placed in a stationary position. The 
maximum performance is achieved by proper orientation and placing slope. For the 
case of Greece, the optimum orientation is South and with a slope equal to the latitude 
±5o, thus around 45o [2]. This kind of positioning achieves the maximum radiation 
delivery to the absorber during the winter period, as it is the season that requires the 
largest amount of energy for hot water production, due to low grid water temperature. 
The heat exchanger transfers heat from the primary to the secondary circuit 
with intermediate water storage. The usual types of heat exchanger are manufactured 
with double drum (mantle type) or with a streamer. 
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3.3 PHOTOVOLTAIC SYSTEMS (PVs) 
Photovoltaic systems produce electricity directly from solar radiation, without 
the need of a working medium 
[14]
. The photovoltaic effect is the basic physical 
process through which a PV cell converts sunlight into electricity. Sunlight is 
composed of photons-packets of solar energy. These photons contain different 
amounts of energy that correspond to the different wavelengths of the solar spectrum. 
When photons strike a PV cell, they may be reflected or absorbed, or they may pass 
right through. The absorbed photons generate electricity. The energy of a photon is 
transferred to an electron in an atom of the semiconductor device (PV cell). With its 
newfound energy, the electron is able to escape from its normal position associated 
with a single atom in the semiconductor to become part of the current in an electrical 
circuit. Special electrical properties of the PV cell a built-in electric field provide the 
voltage needed to drive the current through an external load. 
The energy of a photon is transferred to an electron in an atom of the 
semiconductor device. With its newfound energy, the electron is able to escape from 
its normal position associated with a single atom in the semiconductor to become part 
of the current in an electrical circuit. Special electrical properties of the PV cell a 
built-in electric field provide the voltage needed to drive the current through an 
external load. 
Residential PVs which are examined in the present dissertation are grid-
connected. Most common types of PV cells are: 
 Mono-crystalline silicon (a-Si) 
 Polycrystalline silicon 
 Amorphous silicon 
 Cadmium telluride (Thin-Film) (CdTe) 
 Copperinium gallium selenide / sulphide (Thin-Film) (CIS or CIGS) 
Grouped cells form a panel. PV panels are properly connected in order to 
achieve a desirable, from terms of range of voltage and currency circuit. Being a 
complete open circuit they are connected to an inverter that transforms DC current to 
AC, along with stabilized voltage and frequency.  
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Fig 3.3.1:  Solar PV panel operation  
Domestic systems connected to the grid (<10 kWp) are examined in this 
thesis. They are placed on rooftops according to Greek legislation scheme of permits. 
 
Fig 3.3.2:  Domestic PV systems schematic 
 
3.4 ACTIVE SOLAR SH AND DHW SYSTEMS 
Flat plate solar collectors and vacuum tubes are also used to produce energy 
for Space Heating (SH) and DHW 
[14]
. These kinds of systems are widely used in 
central Europe, mainly as additional supportive systems, operating parallel to abet 
conventional heating systems, like low temperature boilers or central heat pumps.  
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New buildings or renovations require henceforth a full energy analysis that 
includes energy conservation and cost–benefit analysis of the utilization RES 




Fig 3.4.1:  Active solar space heating system 
 
Larger collectors’ area and storage tank, compared to the DHW systems, are 
required due to the significantly larger amount of heat in terms of power that is 
needed for space heating. The fraction of heating load coverage is usually from 10% 
to 60%. The systems operate in forced circulation in the primary working-fluid-
circuit, because it is a closed-loop and the storage tank is usually far from the solar 
collectors, located in basements or boiler rooms. The storage tank in most cases works 
as a buffer and it has two heat exchangers. The first is between the working fluid of 
the collectors (antifreeze water solution) and the mass of water of the closed circuit of 
the heating system and the second is between the previous and the open circuit of 
DHW. In general the buffer allows energy storability in order to cover power demand. 
In order such systems to be functional, secondary circulation pumps are 
required along with relative automation, most commonly Programmable Logical 
Controllers (PLC). The installations are always coupled with boilers of heat pumps. 
Finally, a complete installation is a combination of a boiler and a pump station and 
serious amount of space is required in addition to high fixed cost. 
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4 REFERENCE HOUSE 
 
4.1 GENERAL 
As it was mentioned in chapters 1 and 3, one of the goals of the present 
dissertation is the feasibility analysis of the following systems with present-market-
data approach: 
 Domestic Solar Hot Water production systems (DHW). 
 Photovoltaic (PVs) 
 Active Solar Space Heating (SH) and DHW 
These projects concern householders as the most common and effective 
energy saving measures. EU directive 2010/31/EU, on energy building performance 
(recast) and Greek legislation 
[7],[15]
, regarding energy performance of buildings, 
forces all new residential buildings to cover at least 60% of their annual energy 
demand for DHW production from solar DHW systems. Additionally, all new 
buildings occupied and owned by public authorities are nearly zero-energy buildings, 
after 31 December 2018. Moreover, after 31 December 2020, all new buildings are 
nearly zero- energy buildings. PVs and SH systems can generate income and save 
energy-fuel cost. Combinations of the previous measures can even create a “near 
zero” energy building. 
 
4.2 REFERENCE HOUSE DESCRIPTION 
The Reference House is a typical Greek single family house of 88 m
2
, with flat 
rooftop and south orientation, which is the optimal orientation for Greece in terms of 
energy consumption loads for heating and cooling. It was assumed in the present 
thesis as a representative four-member-single-family building of the status in Greece. 
The larger percentage, (29,5 %) of the Greek residences were from 75 m
2
 to 99 m
2
 
according to population census data of 2001 
[17]
. Moreover it was designed to have the 
necessary area on the rooftop for solar systems’ placement. The three systems were 
examined as if they were installed in this house. The floor plan of the reference house 




Fig 4.2.1:  Plan view of the Reference House (RH)
 
 
Like any house the Reference House has energy demand-loads for its 




The electricity production with grid-connected PV systems is a source of 
income. The loads vary according to the specific geographical characteristics of each 
city or prefecture. The variables are: 
 The technical characteristics of the building elements (insulation, openings 
surfaces, shadings)  
 Orientation 
 Average monthly external temperature 
 Average monthly solar radiation 
 Average monthly temperature of cold water supply 
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For the feasibility analysis the RH was designed with specific technical 
characteristics according to the Greek building regulation. The orientation was 
considered south (azimuth angle 0), for increased solar and thermal gains 
[16]
. The 
surfaces of the building elements are presented in the table 4.2.2.  
Table 4.2.2:  Building elements’ surfaces  of the Reference House 
a/a Orientation Azimuth Angle (
o
) Element Ai (m
2
) 
1 S 180 External Wall 16,57 
2 S 180 Concrete Wall 6,75 
3 S 180 French Door 9,68 
4 N 0 External Wall 22,61 
5 N 0 Concrete Wall 6,75 
6 N 0 Window 1,44 
7 N 0 Front Door 2,20 
8 W 90 External Wall 18,20 
9 W 90 Concrete Wall 5,80 
10 E 270 External Wall 17,96 
11 E 270 Concrete Wall 5,80 
12 E 270 Window 0,24 
13 -- -- Rooftop 88,00 
14 -- -- Floor 88,00 
Σ       290 
 
 






5 FEASIBILITY ANALYSIS TOOLS 
 
5.1 GENERAL 
As mentioned in the earlier chapters most researchers employ either theNet 
Present Value (NPV), the Internal Rate of Return (IRR) and Pay Back Period (PBP) 
methodology in order to conduct a feasibility analysis. 
 
5.2 THE NPV METHOD 
NPV is the sum of the time series of discounted cash flows of the same entity 
[18]
. In the present dissertation it was used for the analysis of the DHW and SH 
systems along with the PBP, as they are highly exposed to energy price fluctuations. 





















NVP: Net Present Value of the investment (€) 
IC:  The initial cost of investment (€) 
n:   Expected lifetime of the project (15 Years for DHW and SH and 25 Years for PVs) 
Rt:  The expected cash flows (revenues) saved by the project, with present prices of alternative 
conventional sources of energy (oil, NG & electricity). The price of oil was 1,40 €/lt as of 
November 2012. NG around 0,08 €/kWh and electricity around 0,14 €/kWh (€).The prices of 
NG and electricity were calculated separately for every system, region and fuel amount, in the 
relative excel sheet of calculations, according to the pricing system of the Greek Power 
Production Company (PPC) and Natural Gas company of Thessaloniki respectively. 
i:  Energy inflation, which is the tendency for increasing in energy prices. The average price 
from 2001 to 2011 was considered 
[19]
. (8,39%) 
r:  Real average interest rate, which is the average nominal from 2000 to 2009 (not from 2001 to 






5.3 THE IRR METHOD 
The Internal Rate of Return (IRR) is the annualized percentage return that 
makes NPV=0 
[18]
. In the present work the IRR method was used for the evaluation of 
PV systems (10 kWp), as they are not exposed to energy price fluctuations due to 
fixed Feed-In-Tariff (FIT) values, annually increased with inflation, with 25-year 

















0  (5.3.1) 
Where: 
IC: The initial cost of investment (€) 
IRR: The Internal Rate of Return (%) 
Rt: The expected cash flows (revenues) in terms of money from the electricity production, with 
present FIT=0,25 €/kWh [20] (€) 




5.4 THE PBP METHOD 
 The Pay Back Period (PBP) is the period which is required for the return of an 
investment to "repay" the sum of the original investment 
[18]
. The method was used 
for all examined systems (DHW, SH & PV). In general, projects with short PBP are 
attractive to invest in. It is calculated by setting NPV=0. The formula, taking into 
account equations 1 and 2 is the following. 
 

















0  (5.4.1) 
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6 PHOTOVOLTAIC SYSTEMS FEASIBILITY ANALYSIS 
 
6.1 EQUIPMENT 
 Two alternative (10 kWp) grid-connected PV systems were selected and 
examined for this house, placed at a 30
°
 slope and with an azimuth angle of 0° (south 
orientation). The same inverter was selected in both cases, while the panels were of 
“Multicrystalline” and “Thin Film” type. In order to have representative cost 
estimates, data from installers, with the criteria of average cost and efficiency were 
taken into account. The capacity of 10 kWp is the maximum nominal capacity 
allowed by the Greek legislation for domestic grid connected PVs 
[10]
.  
Table 6.1.2:  Technical characteristics of the (10 kWp) solar panels 
 of the PV systems for the Reference House 
Epuipment ALTERNATIVE 1 ALTERNATIVE 2 
Technology Multicrystalline Thin Film 
Model SM 235UE1A CIS-Solar rmodul 155W 
Nominal output 235 W 155 W 
Nominal efficiency 14,2 % 12,2 
MPP voltage (UMPP) 29,4 V 80 V 
MPP current (Impp) 8 A 1,95 A 
Open circuit voltage (Uoc) 37 V 108 V 
Short circuit current (Isc) 8,48 A 2,2 A 
Nominal capacity at NOCT (45 
o
C) 172 W 113 W 
MPP voltage (Ump) at NOCT 26,8 V 75,5 V 
Open circuit voltage (Uoc) at NOCT 33,7 V 96,9 V 
Short circuit current (Isc) at NOCT 6,89 A 1,74 A 
Maximum voltage systems 1000 V 1000 V 
Performance tolerance -5 / +10 % -5 / +10 % 
Temperature coefficient (Pmpp) -0,43 % / 
o
C -0,31 % / 
o
C 
Temperature coefficient (Voc) -0,36 % / 
o
C -0,3 % / 
o
C 
Temperature coefficient (Isc) 0,06 % / 
o
C 0,01 % / 
o
C 
Reverse current stability 0.7 % 6,3 A 
Cell material Si CIS 
Frame height 42 mm 35 mm 
Ambient operating temperatures -40 to 85 
o









Table 6.1.1:  Technical characteristics of the (10 kWp) inverter 
 of the PV systems for the Reference House 
Equipment INVERTER 
Model 10MT2 
Rated output 10 kW 
Nominal mains voltage output 3x400 V 
Maximum AC current output 3x16 A 
Maximum DC voltage input 900 V 
Maximum DC current input 2x18 A 
Output frequency 50 Hz / 45 Hz…55Hz 
Maximum efficiency 98 % 
European efficiency 97,5 % 
 
 
The technical characteristics of the inverter and the solar panels are presented 
in Tables 6.1.1 and 6.1.2. The cost of the two systems was 17.000 € and 19.500 € 
respectively, including installation costs. 
The matching of the panels with the inverter, along with optimization, for the 
two alternatives (Multicrystalline & Thin Film), were executed with the available 
software of the inverter named “Max Design”. The calculation of the quantity of 








  (6.1.1) 
Where: 
N: Quantity of panels (dimensionless) 
Pnom: Nominal designing power (10.000 W) 
PN,P: Nominal output power of one panel (235Wp for Multicrystalline & 155 for Thin film) 
 
By executing the relative calculations the necessary quantity of panels for each 
alternative was: 
NMulticrystallne=  42 panels 
NThinfilm=  64 panels 
The optimal streaming of the panels, in terms of efficiency, voltage current 
and inverters’ tolerance was also executed with the software “Max Design”. Where: 
Multicrystalline: Two circuits. The first with two parallel lines having eleven panels in row 
each and the second with one line of twenty panels in row. 
Thin film: Two circuits. The first with four parallel lines with seven panels in row each 
and the second with six parallel lines with six panels in row each. 
 38 
In general the PV’s energy production is influenced by the following 
parameters: 
 Solar irradiance 
 Azimuth angle 
 Slope  
 Ambient temperature 
 Duration of the daylight per month 
 The panels themselves and the correspondence of the co-operating inverter 
 
6.2 PVs FEASIBILITY ANALYSIS CALCULATION 
 The calculations of the energy produced per year by the two alternative PV 
systems were executed with the RETScreen software for most of the prefectures’ 
capitals, 31 in total plus one more for Attica apart from the capital Athens. Inflation 
was taken as the average inflation from 2001 to 2011 (i=3,29 %). The prefectures in 
Greece are 51, but data for all cities were not available in the software. The 
calculations of IRR and PBP were also executed with RETScreen, based on the 
functions 5.3.1 and 5.4.2 respectively. In the case of the on-grid PV energy production 
calculation, RETScreen, is based on the PV array model 
[14]
 and is characterised by its 
average efficiency, np, which is a function of average module temperature, Tc. 
 [1 ( )]p r p c rn n T T    (6.2.1) 
 
Where: 
pn : Module efficiency at reference temperature (Tc=25°C) 
βp: Temperature coefficient for module efficiency. (Dimensionless) 
TC: Reference temperature (
o
C) 
Ta: Mean monthly ambient temperature (
o









    (6.2.2) 
tK : The average monthly clearness index 
NOCT:  Nominal Operating Cell Temperature. If the array is tilted at an angle that differs from the 
optimum one, a correction factor is used. 
 
The energy produced by the PV array is calculated using the following 
function: 
 
p p tE Sn H  (6.2.3) 
Where: 








The first group of calculations was made for Attica (Hellinicon) and 
Thessaloniki, as most of the Greek population inhabits in these two cities, for both 
systems (Multicrystalline & Thin Film). Energy production (E), IRR and PBP for the 
three FITs 
[19]
 (0,55 €/kWh, 0,42 €/kWh & the present FIT=0,25 €/kWh) were 
calculated, for both systems and they are presented in the following table. 
 
Table 6.2.1:  Feasibility analysis of the two alternative (10 kWp) PV systems 





IC (€) 17.000 19.500 
E Attica (kWh/Year) 18.145 17.914 
E Thessaloniki (kWh/Year) 16.841 16.667 
FIT (€/kWh) 0,55 0,42 0,25 0,55 0,42 0,25 
IRR Attica (%) 63,9 49,6 30,8 63,2 49,0 30,4 
PBP Attica (Years) 1,6 2,1 3,5 1,6 2,1 3,5 
IRR Thessaloniki (%) 59,6 46,3 28,8 59,0 45,8 28,5 
PBP Thessaloniki (Years) 1,8 2,3 3,7 1,8 2,3 3,8 
 
 
The second group of calculations was made for the 33 prefectures’ capitals, 
for the two alternative systems, only for the present FIT=0,25 €/kWh. IRR and PBP 
were found as well. The tables 6.2.2 and 6.2.3 present the results for Multicrystalline 
and Thin Film systems respectively. 
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Table 6.2.2:  Feasibility analysis of the Multicrystalline (10 kWp) PV system for the Reference 












1 Lasithi Ag. Nikolaos 35,12 21.613 36,1 2,9 
2 Evros Alexandroupoli 40,51 18.332 31,1 3,4 
3 Fokida Amfissa 38,23 15.631 26,9 4,0 
4 Arta Arta 39,10 14.111 24,5 4,4 
5 Attica Athens 37,54 18.145 30,8 3,5 
6 Attica (Athens) Athens 38,03 17.252 29,4 3,6 
7 Chania Chania 35,29 20.971 35,1 3,0 
8 Ioannina Ioannina 39,42 17.735 30,1 3,6 
9 Iracleio Iracleio 35,20 21.215 35,5 3,0 
10 Messinia Kalamata 37,04 17.396 29,6 3,6 
11 Kavala Kavala 40,54 17.091 29,2 3,7 
12 Korfu Korfu 39,37 19.845 33,4 3,2 
13 Korinth Korinth 37,58 17.293 29,5 3,6 
14 Kozani Kozani 40,18 15.914 27,3 3,9 
15 Fthiotida Lamia 38,51 16.595 28,4 3,8 
16 Larisa Larisa 39,39 16.383 28,1 3,8 
17 Lesvos Mitilini 39,04 18.443 31,2 3,4 
18 Argolida Nauplio 37,34 14.840 25,7 4,2 
19 Achaia Patra (Arajos) 38,15 17.455 29,7 3,6 
20 Ileia Pirgos 37,40 16.235 27,8 3,9 
21 Preveza Preveza 38,55 20.297 34,1 3,1 
22 Dodecanisa Rhodes 36,24 21.387 35,7 3,0 
23 Samos Samos 37,42 20.974 35,1 3,0 
24 Lakonia Sparta 37,04 19.831 33,4 3,2 
25 Cyclades Syros 37,25 19.756 33,2 3,2 
26 Voiotia Theba 38,18 15.631 26,9 4,0 
27 Thessaloniki Thessaloniki 40,31 16.841 28,8 3,7 
28 Trikala Trikala 39,33 16.324 28,0 3,8 
29 Arkadia Tripoli 37,22 17.231 29,4 3,7 
30 Magnisia Volos 39,13 20.245 34,0 3,1 
31 Xanthi Xanthi 41,08 15.403 26,5 4,1 





Table 6.2.3:  Feasibility analysis of the Thin Film (10 kWp) PV system for the Reference House, for 












1 Lasithi Ag. Nikolaos 35,12 21.268 35,6 3,0 
2 Evros Alexandroupoli 40,51 18.149 30,8 3,5 
3 Fokida Amfissa 38,23 15.449 26,6 4,1 
4 Arta Arta 39,10 14.010 24,4 4,4 
5 Attica Athens 37,54 17.914 30,4 3,5 
6 Attica (Athens) Athens 38,03 17.050 29,1 3,7 
7 Chania Chania 35,29 20.635 34,6 3,1 
8 Ioannina Ioannina 39,42 17.559 29,9 3,6 
9 Iracleio Iracleio 35,20 20.904 35,0 3,0 
10 Messinia Kalamata 37,04 17.206 29,3 3,7 
11 Kavala Kavala 40,54 16.924 28,9 3,7 
12 Korfu Korfu 39,37 19.592 33,0 3,2 
13 Korinth Korinth 37,58 17.089 29,2 3,7 
14 Kozani Kozani 40,18 15.828 27,2 4,0 
15 Fthiotida Lamia 38,51 16.423 28,1 3,8 
16 Larisa Larisa 39,39 16.238 27,8 3,9 
17 Lesvos Mitilini 39,04 18.210 30,9 3,5 
18 Argolida Nauplio 37,34 14.689 25,4 4,2 
19 Achaia Patra (Arajos) 38,15 17.256 29,4 3,6 
20 Ileia Pirgos 37,40 16.057 27,6 3,9 
21 Preveza Preveza 38,55 20.036 33,7 3,2 
22 Dodecanisa Rhodes 36,24 21.059 35,2 3,0 
23 Samos Samos 37,42 20.664 34,6 3,1 
24 Lakonia Sparta 37,04 19.544 32,9 3,2 
25 Cyclades Syros 37,25 19.483 32,8 3,3 
26 Voiotia Theba 38,18 15.449 26,6 4,1 
27 Thessaloniki Thessaloniki 40,31 16.677 28,5 3,8 
28 Trikala Trikala 39,33 16.199 27,8 3,9 
29 Arkadia Tripoli 37,22 17.111 29,2 3,7 
30 Magnisia Volos 39,13 19.944 33,5 3,2 
31 Xanthi Xanthi 41,08 15.335 26,4 4,1 




7 SOLAR DHW SYSTEMS FEASIBILITY ANALYSIS 
 
7.1 EQUIPMENT 
 Two alternative solar DHW systems were examined for the RH, placed at a 
45
o
 slope with south orientation (azimuth 0°) for maximum efficiency [16]. The first 
utilized low cost black paint non selective solar collectors and the second with 
selective paint. They were selected to have a 3,1 m
2
 collector surface and 160 lt 
storage tank, as representatives of the Greek Market status for 4-member families. 
The criteria were also average cost and efficiency and reliability. The technical 
characteristics along with the cost are presented in the following table. 
Table 7.1.1:  Technical characteristics of the solar DHW systems for the Reference House 




Technology Simple Collector Selective 
Model EL-160-SOL-TECH/3 EL-160-SOL-TECH/3 SEL 




Boiler volume 160 lit 160 lit 
Nominal efficiency (FR(τα)n) 0,75 0,82 





Total Cost 820 € 940 € 
 
 
7.2 THE F-CHART METHOD 
The energy calculations of the solar DHW systems were executed using the F-
CHART method 
[14]
, developed in the University of Wisconsin USA in 1976. The 
method was developed after large scale simulations, for estimating the monthly and 
the annual thermal performance of active solar heating systems for buildings using 
either liquid or air as working medium, where the minimum temperature of energy 
delivery was near 20 
o
C. The system configurations that can be evaluated by the F-
CHART method are common for residential applications like solar DHW production 
and solar SH. The method provides a means for estimating the fraction of the total 
heating load that will be supplied by solar energy for a given solar system, as a 
function of two dimensionless parameters. The first is related to the ratio of collector 
losses, to heating loads and the second is related to the ratio of absorbed solar 
radiation to heating loads. 
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 The primary design variable is the collectors’ surface. Secondary variables are 
the collectors’ type, storage capacity, fluid flow rates and load and collector heat 
exchanger sizes. The method has been developed for three standard system 
configurations. 
 Liquid working medium systems for solar DHW 
 Liquid working medium systems for solar SH and DHW 
 Air working medium systems for solar SH and DHW 
The flow diagrams of these configurations are presented in the following figures. 
 
 









Fig 7.2.3:  Flow diagram of standard air working medium systems for solar DHW production 
[14] 
 
The F-CHART method’s mathematical model for liquid working medium 
systems, for DHW or for DHW + SH, uses two dimensionless parameters (X and Y), 







































    for   0<Y<3 (7.2.3) 
Where: 
f: Monthly fraction of total load covered by the liquid medium solar system (%) 
X: Dimensionless parameter corresponding to the fraction of the collector’s losses to the total 
monthly load (dimensionless) 
Y: Dimensionless parameter corresponding to the fraction of the collector’s solar absorbed 
energy to the total monthly load ( ) 
AC: Collectors surface (m
2
) 
HΤ: Average monthly radiation on the collector’s surface. From charts (J/m
2.
month) 
Δt: Total number of seconds in the month (sec) 
TREF: Reference temperature (100 
o
C) 





L: Monthly Load-demand for DHW and SH or only for DHW.(J) 
 
For DHW : )T-(TCΝ MWP  PVNL   (7.2.4) 
N: Days of the month (days) 
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ρ: Water density (1 kg/lt) 
NP: People using the DHW system (people) 
VP: Demand for hot water per person (lt/person) 
C: Thermal equivalent of heat (4180 J/kgK) 


















Am: The building surface exposed to ambient temperature (m
2
) 
Um: Average thermal transmittance of the building (W/m
2
K) 
DDH(Tbal):Heating Degree Days at the temperature tbal (K) 
Tbal: Balancing internal temperature between internal heat gains and heat losses (
o
C) 
ηΗ: Heating system’s efficiency (dimensionless)  
 
(τα)/(τα)n: Correction factor for time period and slope of placement. From charts (dimensionless) 
FRUL: Collectors factor describing the efficiency of the system, from the constructor’s tests 
(dimensionless) 
FR(τα)n: Collectors factor describing the efficiency of the system, from the constructor. Usual sizes of 
FRUL & FR(τα)n are given in the following table (dimensionless) 
 





/FR: Correction factor of the heat exchanger (as if there were no heat exchanger). Usually (0,9) 
VB: Volume of the tank (lt) 
M: Fraction of storage tank volume to collectors surface (VB/AC) (lt/m
2
) 














K    for 0,5<K1<4 (7.2.6) 












2  (7.2.7) 

















  usually (7.2.8) 



















F  (7.2.9) 
Field of application for liquid working medium systems:  
0,6 < (τα)n  < 0,9 
5 < FR
/
AC < 120 m
2
 
2,1 <   UL   < 8,3 W/m
2
K 
30 <    β    < 90o 
83 < (UA)h < 667 W/K 
 
7.3 SOLAR DHW SYSTEMS FEASIBILITY ANALYSIS CALCULATION 
The analysis took place for the two solar DHW systems described in chapter 7.1, 
for 52 major cities of Greece – prefectures’ capitals. NPV and PBP were the tools for 
the economic evaluation. The revenues were the energy saved by placing the two 
alternative collectors. Inflation was taken as the average inflation from 2001 to 2011 
(i=3,29 %). For the purpose of the present dissertation a calculator was developed by 
the author, which can easily perform feasibility analysis calculations for any DHW 
system size, cost and alternative fuel prising using spreadsheets. Weather and supply 
cold water data were derived from KENAK 
[16]
. The calculations were repeated 104 
times and tables with results were made for the two systems under consideration. 
Moreover, the revenues were calculated with three different alternative 
primary energy carriers with average prices of November 2012. 
 Oil 
 Natural Gas (NG) 
 Electricity (EL) 
One group of calculations was made on the correction factor of slope 
(τα)/(τα)n=f(β). Τhe analytical charts for every month and slope, for south orientation, 
were correlated with 2
nd
 degree functions of slope with R
2
>0.98, for single and double 
glazed collectors. The correlation for January for single glazed collector is given in 
the next graph. For the rest on the months and for double glazed collectors the 
correlations are given in the relative Appendix. 
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Graph 7.3.1:  2
nd
 degree correlation of (τα)/(τα)n=f(β) for single glazed 
collector for January 
 
Other parameters that were considered in the analysis and used as input data in 
the calculations were the following: 
ηOIL: Thermal efficiency of typical oil fired burner (0,8) 
ηNG: Thermal efficiency of typical natural gas fired burner (0,9) 
ηEL: Thermal efficiency of typical electrical water heater (0,98) 
HuOIL: Calorific value of OIL (38,8 MJ/lt) 
HuNG: Calorific value of NG (37,44 MJ/m
3
) 
 The mathematical sequence of calculations for PNV and PBP after the 
calculation of the monthly load-demand (L) which was analytically desribed in the 
previous chapter was the following: 
LWSOLAR: Monthly thermal load covered by the DHW (J/month) 
 LfLWSOLAR   (7.3.1) 
































  (7.3.4) 
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ROIL: Revenues/Savings concerning OIL (€/month) 
 OILWOILOIL PLR   (7.3.5) 
RNG: Revenues/Savings concerning NG (€/month) 
 NGWNGNG PLR   (7.3.6) 
REL: Revenues/Savings concerning EL (€/month) 
 ELWELEL PLR   (7.3.7) 
 By executing all the previous for twelve months the cumulative revenues for 
the year derive by summation.  






OILiOIL RRt  (7.3.8) 






NGiNG RRt  (7.3.9) 






ELiEL RRt  (7.3.10) 
 NPV and the PBP were calculated from equations 5.2.1 & 5.4.1 respectively. 
The cumulative money flows (revenues) were plotted in graphs and presented in the 
relative Appendix, for all 52 cities and both solar DHW systems.  
Results (L, F, NPV & PBP) for the city of Thessaloniki for both types of 
examined solar collector for the Reference House, concerning OIL, NG and EL are 
presented in the following table.  
 
Table 7.3.1:  Feasibility analysis of the solar DHW systems of the Reference House for Thessaloniki 
 




L (kWh/Year) 2.485,0 
F (%) 54,0 58,7 
NPVOIL (€) 5.369,0 5.790,0 
NPVNG (€) 2.437,0 2.569,0 
NPVEL (€) 3.263,0 3.490,0 
PBPOIL (Years) 3,1 3,2 
PBPNG (Years) 4,9 5,1 




The graphs of the cumulative revenues (Rt) are following for the city of 





























Graph 7.3.1:  Feasibility analysis graph for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single 






























Graph 7.3.2:  Feasibility analysis graph for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, 
single glazed, solar DHW system located in Thessaloniki, compared to OIL, NG and EL savings 
 50 
The calculations were executed for 51 prefectures capitals, plus one more for 
Attica, for the two alternative systems (Simple Paint Solar Collectors & Selective 
Paint Solar Collectors). The following tables present the respectively the results of the 
feasibility analysis. 
Table 7.3.2:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single glazed, 
solar DHW system located in 51 prefectures plus one more for Attica. Annual energy demand and 
annual load fraction 
 
 









1 Lasithi A Ag. Nikolaos 35,12 2.192 68,1% 
2 Aitolokarnania B Agrinio 38,37 2.316 60,4% 
3 Evros C Alexandroupoli 40,51 2.485 51,3% 
4 Fokida B Amfissa 38,23 2.316 52,3% 
5 Kefalinia A Argostoli 38,11 2.192 62,8% 
6 Arta B Arta 39,10 2.316 60,2% 
7 Attica B Athens 37,54 2.316 63,5% 
8 Attica (Athens) B Athens 38,03 2.316 63,5% 
9 Chania A Chania 35,29 2.192 62,8% 
10 Chios A Chios 38,28 2.192 61,9% 
11 Drama D Drama 41,09 2.665 52,4% 
12 Pella C Edessa 40,48 2.485 52,0% 
13 Florina D Florina 40,48 2.665 50,2% 
14 Grevena D Grevena 40,02 2.665 51,3% 
15 Evoia B Halkida 38,28 2.316 54,9% 
16 Thesprotia B Igoumenitsa 39,30 2.316 54,0% 
17 Ioannina C Ioannina 39,42 2.485 50,1% 
18 Iracleio A Iracleio 35,20 2.192 63,6% 
19 Messinia A Kalamata 37,04 2.192 64,1% 
20 Karditsa C Karditsa 39,22 2.485 52,8% 
21 Evritania C Karpenisi 38,54 2.485 52,1% 
22 Kastoria D Kastoria 40,27 2.665 50,5% 
23 Pieria C Katerini 40,15 2.485 51,6% 
24 Kavala C Kavala 40,54 2.485 50,7% 
25 Kilkis C Kilkis 40,59 2.485 52,0% 
26 Rodopi C Komotini 41,07 2.485 53,2% 
27 Korfu B Korfu 39,37 2.316 59,0% 
28 Korinth B Korinth 37,58 2.316 60,4% 
29 Kozani D Kozani 40,18 2.665 50,7% 
30 Fthiotida B Lamia 38,51 2.316 56,9% 
31 Larisa C Larisa 39,39 2.485 54,3% 
32 Leukada B Leukada 38,50 2.316 58,8% 
33 Lesvos B Mitilini 39,04 2.316 59,5% 
34 Argolida A Nauplio 37,34 2.192 59,9% 
35 Achaia B Patra (Arajos) 38,15 2.316 58,4% 
36 Ileia B Pirgos 37,40 2.316 63,6% 
37 Halkidiki C Poligyros 40,23 2.485 53,7% 
38 Preveza B Preveza 38,55 2.316 58,4% 
39 Rethimno A Rethimno 35,21 2.192 62,1% 





Table 7.3.2:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single glazed, 
solar DHW system located in 51 prefectures plus one more for Attica. Annual energy demand and 
annual load fraction 
 
 









41 Samos A Samos 37,42 2.192 64,4% 
42 Serres C Serres 41,05 2.665 52,0% 
43 Lakonia A Sparta 37,04 2.192 64,7% 
44 Cyclades A Syros 37,25 2.192 62,9% 
45 Voiotia B Theba 38,18 2.316 56,9% 
46 Thessaloniki C Thessaloniki 40,31 2.485 54,0% 
47 Trikala C Trikala 39,33 2.485 54,2% 
48 Arkadia C Tripoli 37,22 2.192 59,1% 
49 Imathia C Veroia 40,31 2.485 52,0% 
50 Magnisia B Volos 39,13 2.316 53,1% 
51 Xanthi C Xanthi 41,08 2.485 54,0% 
52 Zakinthos A Zakinthos 37,47 2.192 63,6% 
 
 
Table 7.3.3:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single glazed, 
solar DHW system located in 51 prefectures plus one more for Attica. NPV concerning OIL, NG & EL 
 
 







1 Lasithi A Ag. Nikolaos 6.064 € 2.761 € 4.697 € 
2 Aitolokarnania B Agrinio 5.633 € 2.560 € 3.432 € 
3 Evros C Alexandroupoli 5.057 € 2.292 € 3.063 € 
4 Fokida B Amfissa 4.768 € 2.158 € 2.877 € 
5 Kefalinia A Argostoli 5.527 € 2.511 € 3.364 € 
6 Arta B Arta 5.609 € 2.549 € 3.417 € 
7 Attica B Athens 5.964 € 2.714 € 4.618 € 
8 Attica (Athens) B Athens 5.964 € 2.714 € 4.618 € 
9 Chania A Chania 5.535 € 2.515 € 3.370 € 
10 Chios A Chios 5.442 € 2.471 € 3.310 € 
11 Drama D Drama 5.618 € 2.553 € 3.422 € 
12 Pella C Edessa 5.137 € 2.329 € 3.114 € 
13 Florina D Florina 5.347 € 2.427 € 3.249 € 
14 Grevena D Grevena 5.490 € 2.494 € 3.341 € 
15 Evoia B Halkida 5.042 € 2.285 € 3.053 € 
16 Thesprotia B Igoumenitsa 4.951 € 2.243 € 2.994 € 
17 Ioannina C Ioannina 4.921 € 2.229 € 2.975 € 
18 Iracleio A Iracleio 5.610 € 2.549 € 3.418 € 
19 Messinia A Kalamata 5.665 € 2.575 € 3.452 € 
20 Karditsa C Karditsa 5.232 € 2.374 € 3.175 € 
21 Evritania C Karpenisi 5.154 € 2.337 € 3.125 € 
22 Kastoria D Kastoria 5.393 € 2.449 € 3.278 € 
23 Pieria C Katerini 5.100 € 2.312 € 3.090 € 
24 Kavala C Kavala 4.998 € 2.265 € 3.025 € 
25 Kilkis C Kilkis 5.137 € 2.329 € 3.114 € 





Table 7.3.3:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single glazed, 
solar DHW system located in 51 prefectures plus one more for Attica. NPV concerning OIL, NG & EL 
 
 







27 Korfu B Korfu 5.481 € 2.489 € 3.335 € 
28 Korinth B Korinth 5.636 € 2.561 € 3.434 € 
29 Kozani D Kozani 5.420 € 2.461 € 3.296 € 
30 Fthiotida B Lamia 5.265 € 2.389 € 3.196 € 
31 Larisa C Larisa 5.410 € 2.456 € 3.289 € 
32 Leukada B Leukada 5.469 € 2.484 € 3.327 € 
33 Lesvos B Mitilini 5.540 € 2.517 € 3.373 € 
34 Argolida A Nauplio 5.242 € 2.378 € 3.181 € 
35 Achaia B Patra (Arajos) 5.423 € 2.462 € 3.298 € 
36 Ileia B Pirgos 5.980 € 2.721 € 4.631 € 
37 Halkidiki C Poligyros 5.337 € 2.422 € 3.242 € 
38 Preveza B Preveza 5.418 € 2.460 € 3.295 € 
39 Rethimno A Rethimno 5.464 € 2.481 € 3.324 € 
40 Dodecanisa A Rhodes 6.080 € 2.768 € 4.710 € 
41 Samos A Samos 5.697 € 2.590 € 3.473 € 
42 Serres C Serres 5.573 € 2.532 € 3.394 € 
43 Lakonia A Sparta 5.728 € 2.604 € 3.493 € 
44 Cyclades A Syros 5.545 € 2.519 € 3.376 € 
45 Voiotia B Theba 5.256 € 2.385 € 3.191 € 
46 Thessaloniki C Thessaloniki 5.369 € 2.437 € 3.263 € 
47 Trikala C Trikala 5.391 € 2.447 € 3.277 € 
48 Arkadia C Tripoli 5.162 € 2.341 € 3.130 € 
49 Imathia C Veroia 5.137 € 2.329 € 3.114 € 
50 Magnisia B Volos 4.851 € 2.196 € 2.930 € 
51 Xanthi C Xanthi 5.372 € 2.439 € 3.265 € 
52 Zakinthos A Zakinthos 5.615 € 2.552 € 3.420 € 
 
 
Table 7.3.4:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single glazed, 













1 Lasithi A Ag. Nikolaos 2,9 4,5 3,3 
2 Aitolokarnania B Agrinio 3,0 4,7 4,0 
3 Evros C Alexandroupoli 3,2 5,1 4,3 
4 Fokida B Amfissa 3,3 5,2 4,4 
5 Kefalinia A Argostoli 3,1 4,8 4,0 
6 Arta B Arta 3,0 4,8 4,0 
7 Attica B Athens 2,9 4,6 3,4 
8 Attica (Athens) B Athens 2,9 4,6 3,4 
9 Chania A Chania 3,0 4,8 4,0 
10 Chios A Chios 3,1 4,8 4,1 
11 Drama D Drama 3,0 4,8 4,0 
12 Pella C Edessa 3,2 5,0 4,2 
13 Florina D Florina 3,1 4,9 4,1 





Table 7.3.4:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 820 €, simple paint, single glazed, 













15 Evoia B Halkida 3,2 5,1 4,3 
16 Thesprotia B Igoumenitsa 3,2 5,1 4,3 
17 Ioannina C Ioannina 3,3 5,1 4,3 
18 Iracleio A Iracleio 3,0 4,8 4,0 
19 Messinia A Kalamata 3,0 4,7 4,0 
20 Karditsa C Karditsa 3,1 5,0 4,2 
21 Evritania C Karpenisi 3,2 5,0 4,2 
22 Kastoria D Kastoria 3,1 4,9 4,1 
23 Pieria C Katerini 3,2 5,0 4,3 
24 Kavala C Kavala 3,2 5,1 4,3 
25 Kilkis C Kilkis 3,2 5,0 4,2 
26 Rodopi C Komotini 3,1 4,9 4,2 
27 Korfu B Korfu 3,1 4,8 4,1 
28 Korinth B Korinth 3,0 4,7 4,0 
29 Kozani D Kozani 3,1 4,9 4,1 
30 Fthiotida B Lamia 3,1 4,9 4,2 
31 Larisa C Larisa 3,1 4,9 4,1 
32 Leukada B Leukada 3,1 4,8 4,1 
33 Lesvos B Mitilini 3,0 4,8 4,0 
34 Argolida A Nauplio 3,1 4,9 4,1 
35 Achaia B Patra (Arajos) 2,9 4,6 3,4 
36 Ileia B Pirgos 3,1 4,9 4,1 
37 Halkidiki C Poligyros 3,1 4,9 4,1 
38 Preveza B Preveza 3,1 4,8 4,1 
39 Rethimno A Rethimno 2,9 4,5 3,3 
40 Dodecanisa A Rhodes 3,1 4,9 4,1 
41 Samos A Samos 3,0 4,7 4,0 
42 Serres C Serres 3,0 4,8 4,0 
43 Lakonia A Sparta 3,0 4,7 4,0 
44 Cyclades A Syros 3,0 4,8 4,0 
45 Voiotia B Theba 3,1 4,9 4,2 
46 Thessaloniki C Thessaloniki 3,1 4,9 4,1 
47 Trikala C Trikala 3,1 4,9 4,1 
48 Arkadia C Tripoli 3,2 5,0 4,2 
49 Imathia C Veroia 3,2 5,0 4,2 
50 Magnisia B Volos 3,3 5,2 4,4 
51 Xanthi C Xanthi 3,1 4,9 4,1 





Table 7.3.5:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, single 
glazed, solar DHW system located in 51 prefectures plus one more for Attica. Annual energy demand 
and annual load fraction 
 
 









1 Lasithi A Ag. Nikolaos 35,12 2.192 73,3% 
2 Aitolokarnania B Agrinio 38,37 2.316 65,5% 
3 Evros C Alexandroupoli 40,51 2.485 56,1% 
4 Fokida B Amfissa 38,23 2.316 57,5% 
5 Kefalinia A Argostoli 38,11 2.192 68,1% 
6 Arta B Arta 39,10 2.316 65,3% 
7 Attica B Athens 37,54 2.316 68,5% 
8 Attica (Athens) B Athens 38,03 2.316 68,5% 
9 Chania A Chania 35,29 2.192 68,2% 
10 Chios A Chios 38,28 2.192 67,4% 
11 Drama D Drama 41,09 2.665 56,5% 
12 Pella C Edessa 40,48 2.485 56,8% 
13 Florina D Florina 40,48 2.665 54,7% 
14 Grevena D Grevena 40,02 2.665 55,5% 
15 Evoia B Halkida 38,28 2.316 60,2% 
16 Thesprotia B Igoumenitsa 39,30 2.316 59,2% 
17 Ioannina C Ioannina 39,42 2.485 55,0% 
18 Iracleio A Iracleio 35,20 2.192 68,9% 
19 Messinia A Kalamata 37,04 2.192 69,5% 
20 Karditsa C Karditsa 39,22 2.485 57,6% 
21 Evritania C Karpenisi 38,54 2.485 57,1% 
22 Kastoria D Kastoria 40,27 2.665 55,0% 
23 Pieria C Katerini 40,15 2.485 56,5% 
24 Kavala C Kavala 40,54 2.485 55,6% 
25 Kilkis C Kilkis 40,59 2.485 56,8% 
26 Rodopi C Komotini 41,07 2.485 57,9% 
27 Korfu B Korfu 39,37 2.316 64,1% 
28 Korinth B Korinth 37,58 2.316 65,6% 
29 Kozani D Kozani 40,18 2.665 55,2% 
30 Fthiotida B Lamia 38,51 2.316 62,2% 
31 Larisa C Larisa 39,39 2.485 59,1% 
32 Leukada B Leukada 38,50 2.316 63,9% 
33 Lesvos B Mitilini 39,04 2.316 64,7% 
34 Argolida A Nauplio 37,34 2.192 65,5% 
35 Achaia B Patra (Arajos) 38,15 2.316 63,5% 
36 Ileia B Pirgos 37,40 2.316 68,6% 
37 Halkidiki C Poligyros 40,23 2.485 58,6% 
38 Preveza B Preveza 38,55 2.316 63,4% 
39 Rethimno A Rethimno 35,21 2.192 67,4% 
40 Dodecanisa A Rhodes 36,24 2.192 73,5% 
41 Samos A Samos 37,42 2.192 69,9% 





Table 7.3.5:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, single 
glazed, solar DHW system located in 51 prefectures plus one more for Attica. Annual energy demand 
and annual load fraction 
 
 









43 Lakonia A Sparta 37,04 2.192 70,2% 
44 Cyclades A Syros 37,25 2.192 68,3% 
45 Voiotia B Theba 38,18 2.316 62,0% 
46 Thessaloniki C Thessaloniki 40,31 2.485 58,7% 
47 Trikala C Trikala 39,33 2.485 58,9% 
48 Arkadia C Tripoli 37,22 2.192 64,8% 
49 Imathia C Veroia 40,31 2.485 56,8% 
50 Magnisia B Volos 39,13 2.316 58,5% 
51 Xanthi C Xanthi 41,08 2.485 58,6% 
52 Zakinthos A Zakinthos 37,47 2.192 69,0% 
 
 
Table 7.3.6:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, single 
glazed, solar DHW system located in 51 prefectures plus one more for Attica. NPV concerning OIL, 













1 Lasithi A Ag. Nikolaos 6.471   2.886   4.990   
2 Aitolokarnania B Agrinio 6.060   2.695   4.668   
3 Evros C Alexandroupoli 5.492   2.430   3.299   
4 Fokida B Amfissa 5.200   2.294   3.111   
5 Kefalinia A Argostoli 5.949   2.643   4.581   
6 Arta B Arta 6.039   2.685   4.651   
7 Attica B Athens 6.378   2.843   4.917   
8 Attica (Athens) B Athens 6.378   2.843   4.917   
9 Chania A Chania 5.956   2.646   4.586   
10 Chios A Chios 5.881   2.611   4.528   
11 Drama D Drama 6.006   2.670   4.626   
12 Pella C Edessa 5.573   2.468   3.351   
13 Florina D Florina 5.789   2.569   3.489   
14 Grevena D Grevena 5.888   2.615   4.533   
15 Evoia B Halkida 5.491   2.430   3.298   
16 Thesprotia B Igoumenitsa 5.387   2.381   3.231   
17 Ioannina C Ioannina 5.366   2.372   3.218   
18 Iracleio A Iracleio 6.029   2.680   4.644   
19 Messinia A Kalamata 6.089   2.708   4.691   
20 Karditsa C Karditsa 5.669   2.513   3.412   
21 Evritania C Karpenisi 5.606   2.484   3.372   
22 Kastoria D Kastoria 5.826   2.586   3.513   
23 Pieria C Katerini 5.535   2.450   3.326   
24 Kavala C Kavala 5.434   2.403   3.262   
25 Kilkis C Kilkis 5.573   2.468   3.351   
26 Rodopi C Komotini 5.704   2.529   3.435   





Table 7.3.6:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, single 
glazed, solar DHW system located in 51 prefectures plus one more for Attica. NPV concerning OIL, 













28 Korinth B Korinth 6.067   2.698   4.673   
29 Kozani D Kozani 5.848   2.596   4.502   
30 Fthiotida B Lamia 5.711   2.532   3.439   
31 Larisa C Larisa 5.836   2.591   3.519   
32 Leukada B Leukada 5.884   2.613   4.530   
33 Lesvos B Mitilini 5.978   2.657   4.604   
34 Argolida A Nauplio 5.685   2.520   3.422   
35 Achaia B Patra (Arajos) 5.846   2.595   4.500   
36 Ileia B Pirgos 6.394   2.850   4.930   
37 Halkidiki C Poligyros 5.778   2.564   3.482   
38 Preveza B Preveza 5.835   2.590   3.518   
39 Rethimno A Rethimno 5.876   2.609   4.524   
40 Dodecanisa A Rhodes 6.494   2.897   5.008   
41 Samos A Samos 6.132   2.728   4.724   
42 Serres C Serres 5.971   2.653   4.599   
43 Lakonia A Sparta 6.157   2.740   4.744   
44 Cyclades A Syros 5.968   2.652   4.596   
45 Voiotia B Theba 5.689   2.522   3.425   
46 Thessaloniki C Thessaloniki 5.790   2.569   3.490   
47 Trikala C Trikala 5.810   2.578   3.502   
48 Arkadia C Tripoli 5.614   2.487   3.377   
49 Imathia C Veroia 5.573   2.468   3.351   
50 Magnisia B Volos 5.311   2.346   3.183   
51 Xanthi C Xanthi 5.778   2.563   3.482   
52 Zakinthos A Zakinthos 6.041   2.686   4.653   
 
 
Table 7.3.7:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, single 
glazed, solar DHW system located in 51 prefectures plus one more for Attica. PBP  concerning OIL, 













1 Lasithi A Ag. Nikolaos 3,0 4,8 3,5 
2 Aitolokarnania B Agrinio 3,1 5,0 3,6 
3 Evros C Alexandroupoli 3,3 5,3 4,4 
4 Fokida B Amfissa 3,4 5,5 4,6 
5 Kefalinia A Argostoli 3,2 5,0 3,7 
6 Arta B Arta 3,1 5,0 3,6 
7 Attica B Athens 3,0 4,8 3,5 
8 Attica (Athens) B Athens 3,0 4,8 3,5 
9 Chania A Chania 3,2 5,0 3,7 
10 Chios A Chios 3,2 5,1 3,7 
11 Drama D Drama 3,1 5,0 3,6 
12 Pella C Edessa 3,3 5,2 4,4 





Table 7.3.7:  Feasibility analysis table  for 3,1 m
2
, 160 lt, 45
o
 slope, 940 €, selective paint, single 
glazed, solar DHW system located in 51 prefectures plus one more for Attica. PBP  concerning OIL, 













14 Grevena D Grevena 3,2 5,1 3,7 
15 Evoia B Halkida 3,3 5,3 4,4 
16 Thesprotia B Igoumenitsa 3,3 5,3 4,5 
17 Ioannina C Ioannina 3,3 5,4 4,5 
18 Iracleio A Iracleio 3,1 5,0 3,6 
19 Messinia A Kalamata 3,1 5,0 3,6 
20 Karditsa C Karditsa 3,2 5,2 4,3 
21 Evritania C Karpenisi 3,3 5,2 4,4 
22 Kastoria D Kastoria 3,2 5,1 4,3 
23 Pieria C Katerini 3,3 5,3 4,4 
24 Kavala C Kavala 3,3 5,3 4,5 
25 Kilkis C Kilkis 3,3 5,2 4,4 
26 Rodopi C Komotini 3,2 5,2 4,3 
27 Korfu B Korfu 3,2 5,1 3,7 
28 Korinth B Korinth 3,1 5,0 3,6 
29 Kozani D Kozani 3,2 5,1 3,7 
30 Fthiotida B Lamia 3,2 5,2 4,3 
31 Larisa C Larisa 3,2 5,1 4,3 
32 Leukada B Leukada 3,2 5,1 3,7 
33 Lesvos B Mitilini 3,2 5,0 3,7 
34 Argolida A Nauplio 3,2 5,2 4,3 
35 Achaia B Patra (Arajos) 3,2 5,1 3,7 
36 Ileia B Pirgos 3,0 4,8 3,5 
37 Halkidiki C Poligyros 3,2 5,1 4,3 
38 Preveza B Preveza 3,2 5,1 4,3 
39 Rethimno A Rethimno 3,2 5,1 3,7 
40 Dodecanisa A Rhodes 3,0 4,8 3,5 
41 Samos A Samos 3,1 4,9 3,6 
42 Serres C Serres 3,2 5,0 3,7 
43 Lakonia A Sparta 3,1 4,9 3,6 
44 Cyclades A Syros 3,2 5,0 3,7 
45 Voiotia B Theba 3,2 5,2 4,3 
46 Thessaloniki C Thessaloniki 3,2 5,1 4,3 
47 Trikala C Trikala 3,2 5,1 4,3 
48 Arkadia C Tripoli 3,3 5,2 4,4 
49 Imathia C Veroia 3,3 5,2 4,4 
50 Magnisia B Volos 3,4 5,4 4,5 
51 Xanthi C Xanthi 3,2 5,1 4,3 




9 SOLAR SH AND DHW SYSTEM FEASIBILITY ANALYSIS 
 
9.1 GENERAL 
The Reference House which was analytically described in chapter 4.2, has 
energy demand/loads, for Space Heating (SH) and DHW, during winter period, which 
for Greece is defined 
[16]
 from October to April, (seven month period). The energy 
consumption of the particular Reference House, for heating, is affected by the 
following parameters, for fixed building elements’ surfaces, orientation and use: 
 Monthly average ambient temperature 
 Building elements’ thermal transmittance 
The average monthly ambient temperature varies across the examined 52 
cities-prefectures capitals. The thermal transmittance of the building elements also 
vary, according to the building’s antiquity. Classification is made in three 
constructing periods 
[20]
 according to Greek legislation on building constructions, 
concerning thermal transmittance/insulation and energy savings.  
 Before 1979. Case 1 
 From 1979 to 2010. Case 2 
 After 2010 (KENAK). Case 3 
The Reference House was considered and examined from the perspective of 
feasibility analysis of active solar Space Heating (SH), abetting conventional systems 
plus DHW for the previous periods, creating three cases. The variation was on the 
thermal transmittance of opaque elements and openings. A calculator in excel was 
made by the author and three different sets of calculations (Cases) took place for 52 
cities, thus 156 calculations. 
 
9.2 THERMAL TRANSMITTANCE OF THE REFERENCE HOUSE’ 
BUILDING ELEMENTS 
Before 1979, which affects 69,4 % of Greek residential building according to 
the 2001 census 
[19]
, insulation was not obligatory, mainly due to low oil prices. 
Moreover no regulation was implemented for thermal transmittance and air losses of 
openings. Values of Reference House elements’ thermal transmittance were derived 
from KENAK 
[20]
 and they are presented in the following table along with the average 
thermal transmittance (Um) and surface to volume (F/V) ratio. 
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Table 8.2.1:  Building elements’ surfaces and thermal transmittance of the Reference House for the 


















1 S 180 External Wall 2,20 16,57 36,45 
2 S 180 Concrete Wall 3,40 6,75 22,95 
3 S 180 French Door 5,00 9,68 48,40 
4 N 0 External Wall 2,20 22,61 49,74 
5 N 0 Concrete Wall 3,40 6,75 22,95 
6 N 0 Window 5,00 1,44 7,20 
7 N 0 Front Door 4,00 2,20 8,80 
8 W 90 External Wall 2,20 18,20 40,04 
9 W 90 Concrete Wall 3,40 5,80 19,72 
10 E 270 External Wall 2,20 17,96 39,51 
11 E 270 Concrete Wall 3,40 5,80 19,72 
12 E 270 Window 5,00 0,24 1,20 
13 -- -- Roortop 3,05 88,00 268,40 
14 -- -- Floor 3,10 88,00 272,80 
Σ         290,00 857,89 
       
 A/V = 1,098 m
-1
    
 Um = 2,958 W/m
2
K    
 
 
From 1979 to 2010, 30 % of Greek residential buildings were constructed 
according to the 2001 census 
[19]
. All buildings were obliged to be constructed with 
thermal insulation and quality openings with respect to specific maximum average 
value of thermal transmittance allowed, depending on the ratio of building surface to 
volume, according to geographical criteria. Greece was separated in three climate 
zones 
[20]
. Values of the Reference House elements’ thermal transmittance, for this 
period were derived from KENAK 
[20]
 and they are presented in the following table 
along with the average thermal transmittance (Um) and surface to volume (F/V) ratio. 
 60 
 
Table 8.2.2:  Building elements’ surfaces and thermal transmittance of the Reference House for the 


















1 S 180 External Wall 0,7 16,57 11,60 
2 S 180 Concrete Wall 0,7 6,75 4,73 
3 S 180 French Door 3,2 9,68 30,98 
4 N 0 External Wall 0,7 22,61 15,83 
5 N 0 Concrete Wall 0,7 6,75 4,73 
6 N 0 Window 3,2 1,44 4,61 
7 N 0 Front Door 4,0 2,20 8,80 
8 W 90 External Wall 0,7 18,20 12,74 
9 W 90 Concrete Wall 0,7 5,80 4,06 
10 E 270 External Wall 0,7 17,96 12,57 
11 E 270 Concrete Wall 0,7 5,80 4,06 
12 E 270 Window 3,2 0,24 0,77 
13 -- -- Roortop 0,5 88,00 44,00 
14 -- -- Floor 1,9 88,00 167,20 
Σ         290,00 326,66 
       
 A/V = 1,098 m
-1
    
 Um = 1,126 W/m
2
K    
 
 
After 2010, the collapse of the real estate market and the general financial 
crisis suffocated residential construction activities. No official data has been 
published yet on the percentages. The new regulation on buildings energy efficiency 
(KENAK) was implemented (October 2010), with increased obligations for thermal 
insulation as an energy saving measure. Greece was divided in four climate zones 
which are presented in the following table. 





Heraclion, Chania, Rethimno, Lasithi, Cyclades, Dodecanese, Samos, Messinia, 
Lakonia, Argolida, Zante, Cephalonia and Ithaca, Kithira & Saronic Islands 
(Attica), Arcadia (lowland) 
B 
Attica (outside Kithira & Saronic islands), Corinth, Elis, Achaia, Acarnania 
Fthiotida, Phocis, Boeotia, Euboea, Magnesia, Lesvos, Chios, Corfu, Lefkada, 
Thesprotia, Preveza, Arta 
C 
Arkadia (mountainous), Haryana, Ioannina, Larissa, Karditsa, Trikala, Himachal 
Pradesh, Imathia, Pella, Thessaloniki, Kilkis, Halkidiki, Serres (except NE 
section), Kavala, Xanthi, Rodopi and Evros 
D Grevena, Kozani, Kastoria, Florina, Serres (north-eastern part), Drama 
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Values of Reference House elements’ thermal transmittance, for the present period 
(after 2010) were concerned from KENAK 
[20]
 and they are presented in the following 
table, along with the average thermal transmittance and surface to volume ratio. The 
values were selected from the regulation for the coldest zone (Zone D, F/V ratio >1 
and Um < 0,6 W/m
2
K). 
Table 8.2.4:  Building elements’ surfaces and thermal transmittance of the Reference House for the 


















1 S 180 External Wall 0,40 16,57 6,63 
2 S 180 Concrete Wall 0,39 6,75 2,63 
3 S 180 French Door 2,60 9,68 25,17 
4 N 0 External Wall 0,40 22,61 9,04 
5 N 0 Concrete Wall 0,39 6,75 2,63 
6 N 0 Window 2,60 1,44 3,74 
7 N 0 Front Door 4,00 2,20 8,80 
8 W 90 External Wall 0,40 18,20 7,28 
9 W 90 Concrete Wall 0,39 5,80 2,26 
10 E 270 External Wall 0,40 17,96 7,18 
11 E 270 Concrete Wall 0,39 5,80 2,26 
12 E 270 Window 2,60 0,24 0,62 
13 -- -- Roortop 0,35 88,00 30,80 
14 -- -- Floor 0,70 88,00 61,60 
Σ         290,00 170,66 
       
 A/V = 1,098 m
-1
    
 Um = 0,588 W/m
2




 Two solar active Space Heating systems with DHW production were 
examined for the Reference House, placed at a 45
o
 slope with south orientation 
(azimuth 0°) for maximum efficiency, similarly to the solar DHW systems examined 
in chapter 7, but with different logic, compared to the selection of the DHW systems 
in chapter 7. The systems utilized selective collectors’ and the criteria were average 
cost, efficiency and reliability. Moreover they were selected in order to cover 10% to 
60% of the annual energy demand for SH plus DHW, in the city of Volos (central 
Greece – Climate Zone B). Due to the large differences between the average thermal 
transmittance, for the same city among the three different regulations / periods, as 
they were describes in chapter 8.2, two solar SH + DHW systems were selected. The 
first was selected for Case 1 and the second for Case 2 and Case 3. 
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The technical characteristics along with the cost are presented in the following table. 
Table 8.3.1:  Technical characteristics of the solar SH+DHW systems for the Reference House 
 CASE 1 
SYSTEM 1 
CASE 2 & CASE 3 
SYSTEM 2 
Technology Selective Selective 




Boiler volume 1.500 lt 500 lt 
Nominal efficiency (FR(τα)n) 0,75 0,75 





Total Cost 9.870 € 2.800 € 
 
 
8.4 SOLAR SH AND DHW ENERGY CALCULATION METHOD 
The energy calculations of the solar SH+DHW systems were executed using 
the F-CHART method, exactly as it was analytically described in chapter 7.2, for 
liquid working medium systems of SH and DHW production. The monthly load 
demand consists of load for DHW production, calculated with the function 7.2.4 and 
SH. Space Heating monthly load was calculated with the function 7.2.5, but with the 
software TEE KENAK. It performs building energy efficiency calculations and 
classification, by computing the equilibrium between internal, thermal and solar, 
gains and heat losses with the method of variable Heating Degree Days, using 
meteorological data from its data base.  
Table 8.4.1:  Heating loads of the Reference House for the city of Thessaloniki for the three 


























October 273 9 0 
November 2.279 317 132 
December 4.127 818 458 
January 4.752 1.003 581 
February 3.450 695 387 
March 2.605 405 194 
April 950 79 26 
Σ 18.436 3.326 1.778 
 
 
During the present thesis, TEE KENAK software was used for the calculations 
of energy demand for heating for all the examined cities – prefectures capital (52), for 
the three cases described in chapter 8.2. Thus the simulations were repeated 156 
times. The monthly heating loads derived were used as input data in the calculator 
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described in chapter 8.1 to perform the relative feasibility analysis. Table 8.4.1 
presents the energy demand (heating loads) for the city of Thessaloniki during the 
seven-month heating period, from October to April for the three examined 
constructing periods, Case 1, Case 2, Case 3. 
 
8.5 SOLAR SH AND DHW SYSTEM FEASIBILITY ANALYSIS 
CALCULATION 
Electricity is not generally used for space heating as conventional energy 
carrier, due to its relative high cost (up to the current heating season). On the contrary, 
present market status (after October 2012) have turned Electricity cheaper compared 
to Oil, but only a small portion of householders use it for (SH), as the existing 
conventional systems were selected during the previous market status. The 
methodologies of NPV (eq. 5.2.1) and PBP (eq. 5.4.1) were implemented exactly like 
the analysis made for DHW production systems in chapter 7.3, the revenues were 
calculated with two different alternative primary energy carriers with average prices 
of November 2012. 
 Oil 
 Natural Gas (NG) 
Other parameters that were considered in the analysis and used as input data in 
the calculations were the following: 
ηOIL: Thermal efficiency of typical oil fired burner (0,8) 
ηNG: Thermal efficiency of typical natural gas fired burner (0,9) 
HuOIL: Calorific value of OIL (38,8 MJ/lt) 
HuNG: Calorific value of NG (37,44 MJ/m
3
) 
The mathematical sequence of calculations for NPV and PBP after the 
calculation of the monthly load-demand for SH and DHW (L=LH+LW) (7.2.4+7.25), 
was implemented exactly as described in chapter 7.3, apart from the calculations for 
EL.  
Additionally two more parameters were calculated: 
 LLW /  (8.5.1) 
Where: 
LW: Monthly Load-demand for DHW (J) 
L: Monthly Load-demand for SH+DHW (J) 
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 LLH /  (8.5.2) 
Where: 
LH: Monthly Load-demand for SH (J) 
The cumulative money flows (revenues), from the implementation of 
SH+DHW systems, were plotted in graphs and are presented in the relative Appendix, 
for all three cases and 52 cities and Cases 1, Case 2 and Case 3. 
Results (L, LW/L, LH/L NPV & PBP) for the city of Thessaloniki for both 
types of examined SH+DHW systems for the Reference House, concerning OIL NG, 
for the three constructing periods (Cases) are presented in the following table.  
Table 8.5.1:  Feasibility analysis of the solar SH+DHW systems of the Reference House for 




























) 20 7,8 7,8 
VB (lt) 1.500 500 500 
C (€) 9.870 2.800 2.800 
L (kWh/year) 20.921 5.811 4.263 
LW / L (%) 11,9 42,8 58,3 
LH / L (%) 88,1 57,2 41,7 
F (%) 27,7 44,2 56,8 
NPVOIL (€) 16.862 9.051 8.362 
NPVNG (€) 2.948 3.092 2.772 
PBPOIL (Years) 6,6 4,2 4,9 
PBPNG (Years) 12,6 7,3 8,6 
 
 
The graphs of the cumulative revenues (Rt) are following for the city of 



























Graph 8.5.1:  Feasibility analysis graph for, 20 m
2
, 1.500 lt, 45
o
 slope, 9.870 €, selective paint, 
single glazed, solar SH+DHW system of the RH, located in Thessaloniki. Construction period 
before 1979 (Um=2,958 W/m
2


























Graph 8.5.2:  Feasibility analysis graph for, 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, 
single glazed, solar SH+DHW system of the RH, located in Thessaloniki. Construction period 
1979-2010 (Um=1,126 W/m
2



























Graph 8.5.2:  Feasibility analysis graph for, 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, 
single glazed, solar SH+DHW system of the RH, located in Thessaloniki. Construction period 
after 2010 (KENAK) (Um=0,588 W/m
2
K - Case 3). Compared to OIL, NG savings 
 
The calculations were executed for 51 prefectures capitals, plus one more for 
Attica, for the Case1, Case 2 and Case 3. The following tables present the results of 
the feasibility analysis. 
 
Table 8.5.2:  Feasibility analysis table for 20 m
2
, 1.500 lt, 45
o
 slope, 9.870 €, selective paint, single 
glazed, solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. 
Construction period Before 1979 (Um=2,958 W/m
2
K - Case 1). Annual energy demand for SH+ DHW. 
Fraction of DHW Fraction of SH and annual Load Fraction  
 
 
PREFECTURE ZONE CITY 
L 
(kWh/Y) 
LW / L 
(%) 




1 Lasithi A Ag. Nikolaos 7.797 28,1% 71,9% 64,5% 
2 Aitolokarnania B Agrinio 14.812 15,6% 84,4% 38,9% 
3 Evros C Alexandroupoli 22.364 11,1% 88,9% 25,3% 
4 Fokida B Amfissa 17.214 13,5% 86,5% 29,5% 
5 Kefalinia A Argostoli 10.481 20,9% 79,1% 51,9% 
6 Arta B Arta 15.366 15,1% 84,9% 38,1% 
7 Attica B Athens 11.846 19,6% 80,4% 46,7% 
8 Attica (Athens) B Athens 11.838 19,6% 80,4% 46,8% 
9 Chania A Chania 10.006 21,9% 78,1% 51,6% 
10 Chios A Chios 13.597 16,1% 83,9% 41,3% 
11 Drama D Drama 22.157 12,0% 88,0% 25,2% 





Table 8.5.2:  Feasibility analysis table for 20 m
2
, 1.500 lt, 45
o
 slope, 9.870  €, selective paint, single 
glazed, solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. 
Construction period Before 1979 (Um=2,958 W/m
2
K - Case 1). Annual energy demand for SH+ DHW. 
Fraction of DHW Fraction of SH and annual Load Fraction  
 
 
PREFECTURE ZONE CITY 
L 
(kWh/Y) 
LW / L 
(%) 




13 Florina D Florina 30.588 8,7% 91,3% 20,6% 
14 Grevena D Grevena 22.580 11,8% 88,2% 26,4% 
15 Evoia B Halkida 14.222 16,3% 83,7% 32,6% 
16 Thesprotia B Igoumenitsa 13.122 17,6% 82,4% 37,2% 
17 Ioannina C Ioannina 23.790 10,4% 89,6% 23,9% 
18 Iracleio A Iracleio 9.153 23,9% 76,1% 54,5% 
19 Messinia A Kalamata 11.986 18,3% 81,7% 48,8% 
20 Karditsa C Karditsa 22.479 11,1% 88,9% 25,3% 
21 Evritania C Karpenisi 28.190 8,8% 91,2% 23,1% 
22 Kastoria D Kastoria 28.880 9,2% 90,8% 21,6% 
23 Pieria C Katerini 22.223 11,2% 88,8% 25,2% 
24 Kavala C Kavala 21.660 11,5% 88,5% 25,8% 
25 Kilkis C Kilkis 22.584 11,0% 89,0% 25,5% 
26 Rodopi C Komotini 22.382 11,1% 88,9% 26,9% 
27 Korfu B Korfu 13.122 17,6% 82,4% 40,6% 
28 Korinth B Korinth 14.266 16,2% 83,8% 39,0% 
29 Kozani D Kozani 27.965 9,5% 90,5% 22,3% 
30 Fthiotida B Lamia 17.030 13,6% 86,4% 31,9% 
31 Larisa C Larisa 21.159 11,7% 88,3% 27,4% 
32 Leukada B Leukada 12.110 19,1% 80,9% 44,7% 
33 Lesvos B Mitilini 13.466 17,2% 82,8% 38,4% 
34 Argolida A Nauplio 15.295 14,3% 85,7% 37,0% 
35 Achaia B Patra (Arajos) 12.594 18,4% 81,6% 41,8% 
36 Ileia B Pirgos 12.867 18,0% 82,0% 46,3% 
37 Halkidiki C Poligyros 23.244 10,7% 89,3% 26,1% 
38 Preveza B Preveza 12.110 19,1% 80,9% 44,2% 
39 Rethimno A Rethimno 8.141 26,9% 73,1% 57,4% 
40 Dodecanisa A Rhodes 9.038 24,3% 75,7% 59,4% 
41 Samos A Samos 11.828 18,5% 81,5% 46,8% 
42 Serres C Serres 23.385 10,6% 89,4% 23,9% 
43 Lakonia A Sparta 13.121 16,7% 83,3% 45,3% 
44 Cyclades A Syros 10.112 21,7% 78,3% 51,3% 
45 Voiotia B Theba 17.214 13,5% 86,5% 30,9% 
46 Thessaloniki C Thessaloniki 20.921 11,9% 88,1% 27,7% 
47 Trikala C Trikala 20.648 12,0% 88,0% 28,2% 
48 Arkadia C Tripoli 22.646 11,0% 89,0% 30,8% 
49 Imathia C Veroia 22.584 11,0% 89,0% 25,5% 
50 Magnisia B Volos 17.628 13,1% 86,9% 28,6% 
51 Xanthi C Xanthi 20.859 11,9% 88,1% 26,3% 





Table 8.5.3:  Feasibility analysis table for 20 m
2
, 1.500 lt, 45
o
 slope, 9.870  €, selective paint, single 
glazed, solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. 
Construction period Before 1979 (Um=2,958 W/m
2
K - Case 1). NPV and PBP concerning OIL and NG 
 
 









1 Lasithi A Ag. Nikolaos 13.344 € 1.310 € 7,5 14,3 
2 Aitolokarnania B Agrinio 16.684 € 2.865 € 6,7 12,7 
3 Evros C Alexandroupoli 16.260 € 2.667 € 6,8 12,9 
4 Fokida B Amfissa 13.541 € 1.402 € 7,4 14,2 
5 Kefalinia A Argostoli 15.218 € 2.183 € 7,0 13,3 
6 Arta B Arta 17.171 € 3.092 € 6,6 12,5 
7 Attica B Athens 15.681 € 2.398 € 6,9 13,1 
8 Attica (Athens) B Athens 15.675 € 2.396 € 6,9 13,1 
9 Chania A Chania 13.976 € 1.604 € 7,3 14,0 
10 Chios A Chios 16.051 € 2.570 € 6,8 13,0 
11 Drama D Drama 15.900 € 2.500 € 6,8 13,0 
12 Pella C Edessa 16.658 € 2.853 € 6,7 12,7 
13 Florina D Florina 19.153 € 4.014 € 6,2 11,7 
14 Grevena D Grevena 17.642 € 3.311 € 6,5 12,3 
15 Evoia B Halkida 11.539 € 471 € 8,0 15,4 
16 Thesprotia B Igoumenitsa 12.632 € 979 € 7,7 14,7 
17 Ioannina C Ioannina 16.396 € 2.731 € 6,7 12,8 
18 Iracleio A Iracleio 13.145 € 1.218 € 7,5 14,4 
19 Messinia A Kalamata 17.140 € 3.077 € 6,6 12,5 
20 Karditsa C Karditsa 16.345 € 2.707 € 6,7 12,8 
21 Evritania C Karpenisi 20.209 € 4.505 € 6,0 11,4 
22 Kastoria D Kastoria 18.961 € 3.925 € 6,2 11,8 
23 Pieria C Katerini 15.950 € 2.523 € 6,8 13,0 
24 Kavala C Kavala 15.923 € 2.511 € 6,8 13,0 
25 Kilkis C Kilkis 16.658 € 2.853 € 6,7 12,7 
26 Rodopi C Komotini 17.859 € 3.412 € 6,4 12,2 
27 Korfu B Korfu 14.691 € 1.937 € 7,1 13,6 
28 Korinth B Korinth 15.791 € 2.449 € 6,9 13,1 
29 Kozani D Kozani 18.909 € 3.900 € 6,2 11,8 
30 Fthiotida B Lamia 15.159 € 2.155 € 7,0 13,4 
31 Larisa C Larisa 16.884 € 2.958 € 6,6 12,6 
32 Leukada B Leukada 15.130 € 2.142 € 7,0 13,4 
33 Lesvos B Mitilini 14.013 € 1.622 € 7,3 13,9 
34 Argolida A Nauplio 16.228 € 2.653 € 6,8 12,9 
35 Achaia B Patra (Arajos) 14.392 € 1.798 € 7,2 13,8 
36 Ileia B Pirgos 17.644 € 3.311 € 6,5 12,3 
37 Halkidiki C Poligyros 18.153 € 3.549 € 6,4 12,1 
38 Preveza B Preveza 14.805 € 1.991 € 7,1 13,5 
39 Rethimno A Rethimno 11.705 € 548 € 8,0 15,3 





Table 8.5.3:  Feasibility analysis table for 20 m
2
,1. 500 lt, 45
o
 slope, 9.870  €, selective paint, single 
glazed, solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. 
Construction period Before 1979 (Um=2,958 W/m
2
K - Case 1). NPV and PBP concerning OIL and NG 
 
 









41 Samos A Samos 15.689 € 2.402 € 6,9 13,1 
42 Serres C Serres 15.906 € 2.503 € 6,8 13,0 
43 Lakonia A Sparta 17.580 € 3.282 € 6,5 12,3 
44 Cyclades A Syros 14.042 € 1.635 € 7,3 13,9 
45 Voiotia B Theba 14.707 € 1.945 € 7,1 13,6 
46 Thessaloniki C Thessaloniki 16.862 € 2.948 € 6,6 12,6 
47 Trikala C Trikala 16.985 € 3.005 € 6,6 12,6 
48 Arkadia C Tripoli 22.294 € 5.476 € 5,7 10,7 
49 Imathia C Veroia 16.658 € 2.853 € 6,7 12,7 
50 Magnisia B Volos 13.395 € 1.334 € 7,5 14,3 
51 Xanthi C Xanthi 15.427 € 2.280 € 6,9 13,3 




Table 8.5.4:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
1979-2010 (Um=1,126 W/m
2
K - Case 2). Annual energy demand for SH+ DHW. Fraction of DHW 
Fraction of SH and annual Load Fraction  
 
 
PREFECTURE ZONE CITY 
L 
(kWh/Y) 
LW / L 
(%) 




1 Lasithi A Ag. Nikolaos 2.649 82,7% 17,3% 88,3% 
2 Aitolokarnania B Agrinio 4.120 56,2% 43,8% 63,0% 
3 Evros C Alexandroupoli 6.155 40,4% 59,6% 41,0% 
4 Fokida B Amfissa 4.921 47,1% 52,9% 49,1% 
5 Kefalinia A Argostoli 3.072 71,4% 28,6% 78,1% 
6 Arta B Arta 3.970 58,3% 41,7% 63,2% 
7 Attica B Athens 3.371 65,0% 35,0% 73,2% 
8 Attica (Athens) B Athens 3.478 66,6% 33,4% 72,4% 
9 Chania A Chania 3.054 71,8% 28,2% 77,4% 
10 Chios A Chios 3.776 58,0% 42,0% 66,3% 
11 Drama D Drama 6.282 42,4% 57,6% 41,0% 





Table 8.5.4:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
1979-2010 (Um=1,126 W/m
2
K - Case 2). Annual energy demand for SH+ DHW. Fraction of DHW 
Fraction of SH and annual Load Fraction  
 
 
PREFECTURE ZONE CITY 
L 
(kWh/Y) 
LW / L 
(%) 




13 Florina D Florina 8.491 31,4% 68,6% 33,0% 
14 Grevena D Grevena 6.282 42,4% 57,6% 42,8% 
15 Evoia B Halkida 4.120 56,2% 43,8% 55,2% 
16 Thesprotia B Igoumenitsa 3.733 62,0% 38,0% 61,7% 
17 Ioannina C Ioannina 6.542 38,0% 62,0% 38,5% 
18 Iracleio A Iracleio 2.878 76,2% 23,8% 80,2% 
19 Messinia A Kalamata 3.353 65,4% 34,6% 75,0% 
20 Karditsa C Karditsa 6.199 40,1% 59,9% 40,5% 
21 Evritania C Karpenisi 7.703 32,3% 67,7% 36,5% 
22 Kastoria D Kastoria 8.007 33,3% 66,7% 34,8% 
23 Pieria C Katerini 6.111 40,7% 59,3% 40,8% 
24 Kavala C Kavala 5.882 42,2% 57,8% 42,2% 
25 Kilkis C Kilkis 6.172 40,3% 59,7% 41,1% 
26 Rodopi C Komotini 6.128 40,6% 59,4% 42,8% 
27 Korfu B Korfu 3.733 62,0% 38,0% 65,5% 
28 Korinth B Korinth 3.970 58,3% 41,7% 63,9% 
29 Kozani D Kozani 7.752 34,4% 65,6% 35,9% 
30 Fthiotida B Lamia 4.754 48,7% 51,3% 52,7% 
31 Larisa C Larisa 5.847 42,5% 57,5% 43,7% 
32 Leukada B Leukada 3.486 66,4% 33,6% 70,4% 
33 Lesvos B Mitilini 3.874 59,8% 40,2% 62,6% 
34 Argolida A Nauplio 4.110 53,3% 46,7% 61,4% 
35 Achaia B Patra (Arajos) 3.671 63,1% 36,9% 66,1% 
36 Ileia B Pirgos 3.610 64,2% 35,8% 72,1% 
37 Halkidiki C Poligyros 6.366 39,0% 61,0% 41,5% 
38 Preveza B Preveza 3.486 66,4% 33,6% 69,8% 
39 Rethimno A Rethimno 2.737 80,1% 19,9% 82,3% 
40 Dodecanisa A Rhodes 2.861 76,6% 23,4% 84,4% 
41 Samos A Samos 3.353 65,4% 34,6% 73,6% 
42 Serres C Serres 6.454 38,5% 61,5% 38,6% 
43 Lakonia A Sparta 3.670 59,7% 40,3% 71,2% 
44 Cyclades A Syros 3.045 72,0% 28,0% 77,6% 
45 Voiotia B Theba 4.921 47,1% 52,9% 50,9% 
46 Thessaloniki C Thessaloniki 5.811 42,8% 57,2% 44,2% 
47 Trikala C Trikala 5.741 43,3% 56,7% 45,2% 
48 Arkadia C Tripoli 6.207 40,0% 60,0% 47,6% 
49 Imathia C Veroia 6.172 40,3% 59,7% 41,1% 
50 Magnisia B Volos 4.947 46,8% 53,2% 48,2% 
51 Xanthi C Xanthi 5.785 43,0% 57,0% 42,8% 





Table 8.5.5:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
1979-2010 (Um=1,126 W/m
2
K - Case 2). NPV and PBP concerning OIL and NG 
 
 









1 Lasithi A Ag. Nikolaos 7.996 € 2.602 € 5,0 8,9 
2 Aitolokarnania B Agrinio 9.185 € 3.155 € 4,6 8,1 
3 Evros C Alexandroupoli 8.839 € 2.994 € 4,7 8,3 
4 Fokida B Amfissa 8.343 € 2.763 € 4,9 8,6 
5 Kefalinia A Argostoli 8.267 € 2.727 € 4,9 8,7 
6 Arta B Arta 8.784 € 2.968 € 4,7 8,4 
7 Attica B Athens 8.585 € 2.876 € 4,8 8,5 
8 Attica (Athens) B Athens 8.819 € 2.984 € 4,7 8,3 
9 Chania A Chania 8.103 € 2.651 € 5,0 8,8 
10 Chios A Chios 8.747 € 2.951 € 4,7 8,4 
11 Drama D Drama 9.095 € 3.113 € 4,6 8,2 
12 Pella C Edessa 8.911 € 3.027 € 4,7 8,3 
13 Florina D Florina 10.124 € 3.592 € 4,4 7,7 
14 Grevena D Grevena 9.604 € 3.350 € 4,5 7,9 
15 Evoia B Halkida 7.692 € 2.460 € 5,1 9,1 
16 Thesprotia B Igoumenitsa 7.833 € 2.525 € 5,1 9,0 
17 Ioannina C Ioannina 8.835 € 2.992 € 4,7 8,3 
18 Iracleio A Iracleio 7.846 € 2.531 € 5,0 9,0 
19 Messinia A Kalamata 8.807 € 2.979 € 4,7 8,4 
20 Karditsa C Karditsa 8.795 € 2.973 € 4,7 8,4 
21 Evritania C Karpenisi 10.185 € 3.620 € 4,3 7,6 
22 Kastoria D Kastoria 10.073 € 3.568 € 4,4 7,7 
23 Pieria C Katerini 8.695 € 2.927 € 4,8 8,4 
24 Kavala C Kavala 8.651 € 2.906 € 4,8 8,4 
25 Kilkis C Kilkis 8.911 € 3.027 € 4,7 8,3 
26 Rodopi C Komotini 9.297 € 3.207 € 4,6 8,1 
27 Korfu B Korfu 8.490 € 2.831 € 4,8 8,5 
28 Korinth B Korinth 8.901 € 3.023 € 4,7 8,3 
29 Kozani D Kozani 10.057 € 3.561 € 4,4 7,7 
30 Fthiotida B Lamia 8.751 € 2.953 € 4,7 8,4 
31 Larisa C Larisa 9.002 € 3.069 € 4,7 8,2 
32 Leukada B Leukada 8.519 € 2.845 € 4,8 8,5 
33 Lesvos B Mitilini 8.383 € 2.781 € 4,9 8,6 
34 Argolida A Nauplio 8.851 € 2.999 € 4,7 8,3 
35 Achaia B Patra (Arajos) 8.391 € 2.785 € 4,9 8,6 
36 Ileia B Pirgos 9.210 € 3.167 € 4,6 8,1 
37 Halkidiki C Poligyros 9.385 € 3.248 € 4,6 8,0 
38 Preveza B Preveza 8.431 € 2.804 € 4,8 8,6 
39 Rethimno A Rethimno 7.593 € 2.414 € 5,1 9,1 





Table 8.5.5:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
1979-2010 (Um=1,126 W/m
2
K - Case 2). NPV and PBP concerning OIL and NG 
 
 









41 Samos A Samos 8.595 € 2.880 € 4,8 8,5 
42 Serres C Serres 8.698 € 2.928 € 4,8 8,4 
43 Lakonia A Sparta 9.251 € 3.185 € 4,6 8,1 
44 Cyclades A Syros 8.098 € 2.649 € 5,0 8,8 
45 Voiotia B Theba 8.751 € 2.953 € 4,7 8,4 
46 Thessaloniki C Thessaloniki 9.051 € 3.092 € 4,6 8,2 
47 Trikala C Trikala 9.171 € 3.148 € 4,6 8,1 
48 Arkadia C Tripoli 10.830 € 3.920 € 4,2 7,3 
49 Imathia C Veroia 8.911 € 3.027 € 4,7 8,3 
50 Magnisia B Volos 8.201 € 2.697 € 4,9 8,7 
51 Xanthi C Xanthi 8.633 € 2.898 € 4,8 8,5 




Table 8.5.6:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
After 2010 (KENAK) (Um=0,588 W/m
2
K - Case 3). Annual energy demand for SH+ DHW. Fraction of 
DHW Fraction of SH and annual Load Fraction  
 
 
PREFECTURE ZONE CITY 
L 
(kWh/Y) 
LW / L 
(%) 




1 Lasithi A Ag. Nikolaos 2.324 94,3% 5,7% 94,1% 
2 Aitolokarnania B Agrinio 3.152 73,5% 26,5% 76,5% 
3 Evros C Alexandroupoli 4.474 55,5% 44,5% 53,1% 
4 Fokida B Amfissa 3.645 63,5% 36,5% 62,7% 
5 Kefalinia A Argostoli 2.535 86,5% 13,5% 87,7% 
6 Arta B Arta 3.187 72,7% 27,3% 76,1% 
7 Attica B Athens 2.791 83,0% 17,0% 83,7% 
8 Attica (Athens) B Athens 2.791 83,0% 17,0% 83,7% 
9 Chania A Chania 2.517 87,1% 12,9% 87,2% 
10 Chios A Chios 2.905 75,5% 24,5% 79,3% 
11 Drama D Drama 4.654 57,3% 42,7% 52,7% 





Table 8.5.6:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
After 2010 (KENAK) (Um=0,588 W/m
2
K - Case 3). Annual energy demand for SH+ DHW. Fraction of 
DHW Fraction of SH and annual Load Fraction  
 
 
PREFECTURE ZONE CITY 
L 
(kWh/Y) 
LW / L 
(%) 




13 Florina D Florina 6.080 43,8% 56,2% 43,6% 
14 Grevena D Grevena 4.601 57,9% 42,1% 55,0% 
15 Evoia B Halkida 3.178 72,9% 27,1% 67,8% 
16 Thesprotia B Igoumenitsa 2.932 79,0% 21,0% 74,0% 
17 Ioannina C Ioannina 4.738 52,5% 47,5% 50,1% 
18 Iracleio A Iracleio 2.438 89,9% 10,1% 88,6% 
19 Messinia A Kalamata 2.676 81,9% 18,1% 86,4% 
20 Karditsa C Karditsa 4.544 54,7% 45,3% 52,0% 
21 Evritania C Karpenisi 5.459 45,5% 54,5% 48,3% 
22 Kastoria D Kastoria 5.754 46,3% 53,7% 45,9% 
23 Pieria C Katerini 4.447 55,9% 44,1% 52,8% 
24 Kavala C Kavala 4.280 58,1% 41,9% 54,5% 
25 Kilkis C Kilkis 4.465 55,7% 44,3% 53,3% 
26 Rodopi C Komotini 4.474 55,5% 44,5% 55,2% 
27 Korfu B Korfu 2.932 79,0% 21,0% 77,9% 
28 Korinth B Korinth 3.055 75,8% 24,2% 76,8% 
29 Kozani D Kozani 5.569 47,9% 52,1% 47,3% 
30 Fthiotida B Lamia 3.548 65,3% 34,7% 66,6% 
31 Larisa C Larisa 4.280 58,1% 41,9% 56,1% 
32 Leukada B Leukada 2.782 83,2% 16,8% 81,9% 
33 Lesvos B Mitilini 3.029 76,5% 23,5% 74,9% 
34 Argolida A Nauplio 3.089 70,9% 29,1% 75,3% 
35 Achaia B Patra (Arajos) 2.906 79,7% 20,3% 77,9% 
36 Ileia B Pirgos 2.870 80,7% 19,3% 84,1% 
37 Halkidiki C Poligyros 4.606 54,0% 46,0% 53,5% 
38 Preveza B Preveza 2.782 83,2% 16,8% 81,4% 
39 Rethimno A Rethimno 2.377 92,2% 7,8% 89,4% 
40 Dodecanisa A Rhodes 2.421 90,5% 9,5% 92,1% 
41 Samos A Samos 2.658 82,5% 17,5% 85,4% 
42 Serres C Serres 4.711 52,7% 47,3% 50,0% 
43 Lakonia A Sparta 2.843 77,1% 22,9% 83,8% 
44 Cyclades A Syros 2.517 87,1% 12,9% 87,1% 
45 Voiotia B Theba 3.645 63,5% 36,5% 64,7% 
46 Thessaloniki C Thessaloniki 4.263 58,3% 41,7% 56,8% 
47 Trikala C Trikala 4.236 58,7% 41,3% 57,7% 
48 Arkadia C Tripoli 4.189 52,3% 47,7% 62,2% 
49 Imathia C Veroia 4.465 55,7% 44,3% 53,3% 
50 Magnisia B Volos 3.636 63,7% 36,3% 61,7% 
51 Xanthi C Xanthi 4.245 58,5% 41,5% 55,2% 





Table 8.5.7:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
After 2010 (KENAK) (Um=0,588 W/m
2
K - Case 3). NPV and PBP concerning OIL and NG 
 
 









1 Lasithi A Ag. Nikolaos 7.295 € 2.275 € 5,3 9,4 
2 Aitolokarnania B Agrinio 8.327 € 2.755 € 4,9 8,6 
3 Evros C Alexandroupoli 8.166 € 2.681 € 4,9 8,7 
4 Fokida B Amfissa 7.746 € 2.485 € 5,1 9,0 
5 Kefalinia A Argostoli 7.453 € 2.349 € 5,2 9,2 
6 Arta B Arta 8.393 € 2.786 € 4,9 8,6 
7 Attica B Athens 7.985 € 2.596 € 5,0 8,9 
8 Attica (Athens) B Athens 7.985 € 2.596 € 5,0 8,9 
9 Chania A Chania 7.329 € 2.291 € 5,2 9,3 
10 Chios A Chios 7.829 € 2.524 € 5,1 9,0 
11 Drama D Drama 8.525 € 2.847 € 4,8 8,5 
12 Pella C Edessa 8.191 € 2.692 € 4,9 8,7 
13 Florina D Florina 9.418 € 3.263 € 4,5 8,0 
14 Grevena D Grevena 8.880 € 3.013 € 4,7 8,3 
15 Evoia B Halkida 7.146 € 2.206 € 5,3 9,5 
16 Thesprotia B Igoumenitsa 7.209 € 2.235 € 5,3 9,4 
17 Ioannina C Ioannina 8.159 € 2.677 € 4,9 8,8 
18 Iracleio A Iracleio 7.169 € 2.216 € 5,3 9,5 
19 Messinia A Kalamata 7.872 € 2.544 € 5,0 8,9 
20 Karditsa C Karditsa 8.101 € 2.650 € 5,0 8,8 
21 Evritania C Karpenisi 9.370 € 3.241 € 4,6 8,0 
22 Kastoria D Kastoria 9.389 € 3.250 € 4,6 8,0 
23 Pieria C Katerini 8.043 € 2.623 € 5,0 8,8 
24 Kavala C Kavala 7.969 € 2.589 € 5,0 8,9 
25 Kilkis C Kilkis 8.191 € 2.692 € 4,9 8,7 
26 Rodopi C Komotini 8.598 € 2.882 € 4,8 8,5 
27 Korfu B Korfu 7.733 € 2.479 € 5,1 9,0 
28 Korinth B Korinth 8.021 € 2.613 € 5,0 8,8 
29 Kozani D Kozani 9.343 € 3.228 € 4,6 8,1 
30 Fthiotida B Lamia 8.104 € 2.652 € 5,0 8,8 
31 Larisa C Larisa 8.274 € 2.731 € 4,9 8,7 
32 Leukada B Leukada 7.721 € 2.473 € 5,1 9,0 
33 Lesvos B Mitilini 7.667 € 2.448 € 5,1 9,1 
34 Argolida A Nauplio 7.937 € 2.574 € 5,0 8,9 
35 Achaia B Patra (Arajos) 7.641 € 2.436 € 5,1 9,1 
36 Ileia B Pirgos 8.333 € 2.758 € 4,9 8,6 
37 Halkidiki C Poligyros 8.577 € 2.872 € 4,8 8,5 
38 Preveza B Preveza 7.656 € 2.443 € 5,1 9,1 
39 Rethimno A Rethimno 6.999 € 2.137 € 5,4 9,6 





Table 8.5.7:  Feasibility analysis table for 7,8 m
2
, 500 lt, 45
o
 slope, 2.800  €, selective paint, single glazed, 
solar SH+DHW system of the RH, located in 51 prefectures plus one more for Attica. Construction period 
After 2010 (KENAK) (Um=0,588 W/m
2
K - Case 3). NPV and PBP concerning OIL and NG 
 
 









41 Samos A Samos 7.669 € 2.449 € 5,1 9,1 
42 Serres C Serres 8.072 € 2.636 € 5,0 8,8 
43 Lakonia A Sparta 8.187 € 2.690 € 4,9 8,7 
44 Cyclades A Syros 7.316 € 2.285 € 5,3 9,3 
45 Voiotia B Theba 8.080 € 2.641 € 5,0 8,8 
46 Thessaloniki C Thessaloniki 8.362 € 2.772 € 4,9 8,6 
47 Trikala C Trikala 8.474 € 2.824 € 4,8 8,6 
48 Arkadia C Tripoli 9.227 € 3.174 € 4,6 8,1 
49 Imathia C Veroia 8.191 € 2.692 € 4,9 8,7 
50 Magnisia B Volos 7.560 € 2.398 € 5,2 9,2 
51 Xanthi C Xanthi 8.008 € 2.607 € 5,0 8,9 







9.1 CONCLUSIONS ON PV SYSTEMS FEASIBILITY ANALYSIS 
 Two different 10 kWp, grid connected PV systems, placed at 30
o
 slope and 
azimuth 0
o
, were examined in the present thesis in terms of feasibility analysis, for the 
Reference House, for 32 cities. Multicrystalline and Thin Film panels, which at the 
moment (2012) are competitive technologies, were combined and optimized with the 
same inverter and compared using the IRR and PBP methods. Selection took place 
considering average cost with average efficiency. Feasibility analysis on these PV 
systems inferred that Multicrystalline panels have slightly higher economic efficiency, 
compared to Thin Film, according to present market status concerning initial cost, 
inflation, FIT and performance. The following table presents the three best and worst 
cases-prefectures in terms of annual electrical energy production (E), NPV and IRR 
that derived from the analysis. 
Table 9.1.1:  Feasibility analysis best and worst cases, of the Multicrystalline and Thin Film (10kWp) 
PV systems for the Reference House.. FIT=0,25 €/kWh, i=3,29% 
 
 








Lasithi Ag. Nikolaos 
Multicrystalline 21.613 36,1 2,9 
Thin Film 21.268 35,6 3,0 
Dodecanisa Rhodes 
Multicrystalline 21.387 35,7 3,0 
Thin Film 21.059 35,2 3,0 
Iracleio Iracleio 
Multicrystalline 21.215 35,5 3,0 
Thin Film 20.904 35,0 3,0 
Worst 
Xanthi Xanthi 
Multicrystalline 15.403 26,5 4,1 
Thin Film 15.335 26,4 4,1 
Argolida Nauplio 
Multicrystalline 14.840 25,7 4,2 
Thin Film 14.689 25,4 4,2 
Arta Arta 
Multicrystalline 14.010 24,5 4,4 
Thin Film 14.111 24,4 4,4 
 
 
 The most preferable prefecture to invest in PV systems was the prefecture of 
Lasithi in Crete. The worst was Arta. The analysis revealed that investing in any of 
the two competitive technologies of Multicrystalline and Thin Film panels is in all 
cases is profitable. Multicrystalline panels generated slightly higher profit. The 
average absolute differences in the IRR between Multicrystalline and Thin Film 
panels, for the 32 examined cities was 0,33%. The average absolute differences in the 
PBP respectively was 0,04 years.  
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 The global market of PV panels and inverters is very dynamic and rapidly 
changing. Manufactures’ decisions on production, especially in China, have huge 
impacts on initial cost of each technology. The same stands for FIT policy. Thus, 
before any investment on domestic PV grid connected systems feasibility analysis 
should be placed in order to achieve the highest possible economic efficiency. 
 
9.2 CONCLUSIONS ON DHW SYSTEMS FEASIBILITY ANALYSIS 
 Two different single glazed, 3,1 m
2
, 160 lt. placed at 45
o
 slope, azimuth 0
o
, 
Simple and Selective collector, solar DHW systems, were examined in the present 
thesis in terms of feasibility analysis, for the Reference House, for 52 cities-
prefectures capitals. Selection took place considering average cost with average 
efficiency. Technical characteristics, initial cost, real interest rate (r) and energy 
inflation (i) were analytically presented in chapters 7.1 and 7.3 respectively.  
Feasibility analysis on these solar DHW systems inferred that despite the 
difference in the initial cost which was 14 %, “Selective” painted solar collector 
systems have higher economic efficiency compared to “Simple” painted. The 
following table presents the three best and worst case-prefectures in terms of annual 
load fraction (F) compared to the annual load for DHW (L) that derived from the 
analysis. 
Table 9.2.1:  Feasibility analysis L & F best and worst cases, of the Simple and Selective (3,2 m
2
, 










Dodecanisa Rhodes 2.192 
Simple 62,8 
Selective 73,5 
Lasithi Ag. Nikolaos 2.192 
Simple 61,8 
Selective 73,3 




Kastoria Kastoria 2.665 
Simple 50,5 
Selective 55,0 
Florina Florina 2.665 
Simple 50,2 
Selective 55,0 






 The following tables present the three best and worst cases-prefectures in 
terms of NPV (compared to OIL, NG and EL) and PBP (compared to OIL, NG and 
EL). 
Table 9.2.2:  Feasibility analysis NPV best and worst cases, of the Simple and Selective (3,2 m
2
, 160 
lt ) solar DHW systems for the Reference House.. r=1,71%, i=8,36% 
 
 









Simple 6.080 € 2.768 € 4.710 € 
Selective 6.494 € 2.897 € 5.008 € 
Lasithi Ag. Nikolaos 
Simple 6.064 € 2.761 € 4.697 € 
Selective 6.471 € 2.886 € 4.990 € 
Ileia Pirgos 
Simple 5.980 € 2.721 € 4.631 € 
Selective 6.394 € 2.850 € 4.930 € 
Worst 
Ioannina Ioannina 
Simple 4.921 € 2.229 € 2.975 € 
Selective 5.366 € 2.372 € 3.218 € 
Magnisia Volos 
Simple 4.851 € 2.196 € 2.930 € 
Selective 5.311 € 2.346 € 3.183 € 
Fokida Amfissa 
Simple 4.768 € 2.158 € 2.877 € 
Selective 5.200 € 2.294 € 3.111 € 
 
 
Table 9.2.3:  Feasibility analysis PBP best and worst cases, of the Simple and Selective (3,2 m
2
, 160 
lt ) solar DHW systems for the Reference House.. r=1,71%, i=8,36% 
 
 









Simple 2,9 4,5 3,3 
Selective 3,0 4,8 3,5 
Lasithi Ag. Nikolaos 
Simple 2,9 4,5 3,3 
Selective 3,0 4,8 3,5 
Ileia Pirgos 
Simple 2,9 4,6 3,4 
Selective 3,0 4,8 3,5 
Worst 
Ioannina Ioannina 
Simple 3,3 5,1 4,3 
Selective 3,3 5,4 4,5 
Magnisia Volos 
Simple 3,3 5,2 4,4 
Selective 3,4 5,4 4,5 
Fokida Amfissa 
Simple 3,3 5,2 4,4 
Selective 3,4 5,5 4,6 
 
 
The highest annual load fraction (F) was calculated for the prefecture of 
Dodecanisa in Rhodes and the lowest for Ioannina. The highest annual load for DHW 
production (L) was calculated for the cities of Climate Zone D. The highest NVP was 
found for the prefecture of Dodecanisa (Rhodes), while the lowest for the prefecture 
of Fokida (Amfissa). The reverse applies for PBP. 
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The annual load fraction (F) is not a clear function of latitude, though in 
increasing latitude the tendency is to decrease, as it depends on the meteorological 
conditions of each city. The following graph presents F as a function of latitude, for 
Simple and Selective collectors. 















Graph 9.2.1:  Annual load fraction (F) with regard to latitude for the solar DHW systems of the 
Reference House 
 
The analysis revealed that investing in any of the two alternatives of Simple or 
Selective solar collectors was in all cases profitable, with positive NPV. Selective 
paint collectors generated higher economic efficiency through savings-revenues. The 
average relative differences in the NPV, concerning OIL, NG and EL, between 
Selective and Simple paint collectors, for the 52 examined cities, were 7,4%, 5,2% 
and 6,8% respectively. The average absolute differences in the PBP, concerning OIL, 
NG and EL, between Selective and Simple paint collectors, for the 52 examined 
cities, were 0,1 , 0,24 and 0,14 years respectively.  
 Considering the alternative conventional primary energy used for DWH 
production, OIL gave the stronger incentive to invest, followed by EL and finally by 
NG. In all cases solar Selective DHW systems could be characterized as excellent 
energy saving measures and profitable investments with short PBP and high NPV. 
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9.3 CONCLUSIONS ON SH+DHW SYSTEMS FEASIBILITY ANALYSIS 
 Two solar active abetting Space Heating (SH) systems with DHW production 
were examined for the Reference House, placed at a 45
o
 slope with south orientation 
(azimuth 0°), in terms of feasibility analysis, for 52 cities-prefectures capitals. The 
systems utilized selective collectors’ and the criteria were average cost, efficiency and 
reliability. Technical characteristics and initial cost were analytically presented in 
chapter 8.3. Three construction periods-Cases were taken into account for the 
Reference house concerning total average thermal transmittance. The cases were 
analytically developed in chapter 8.1 and 8.2. The first system was selected for Case 1 
and the second for Case 2 and Case 3, due to differences in energy demand. 
The following table presents the three best and worst prefectures in terms of 
annual load fraction (F), for the three examined Cases-Construction Periods, 
compared to the annual load for SH+DHW (L),  the annual fraction of DWH (LW/L) 
and the annual fraction for SH (LH/L), that derived from the analysis. 
Table 9.3.1:  Feasibility analysis best and worst cases, for 20 m
2
, 1.500 lt, 45
o
 slope, 9.870 € (Case 1), 
7,8 m
2, 500 lt, 2800 € (Case2 & Case 3), selective paint, single glazed, solar SH+DHW system of the 









LW / L 
(%) 








Before 1979 7.797 28,1 71,9 64,5 
1979-2010 2.649 82,7 17,3 88,3 
After 2010 2.324 94,3 5,7 94,1 
Dodecanisa Rhodes 
Before 1979 9.038 24,3 75,7 59,4 
1979-2010 2.861 76,6 23,4 84,4 
After 2010 2.421 90,5 9,5 92,1 
Rethimno Rethimno 
Before 1979 8.141 26,9 73,1 57,4 
1979-2010 2.737 80,1 19,9 82,3 
After 2010 2.377 92,2 7,8 89,4 
Worst 
Kozani Kozani 
Before 1979 27.965 9,5 90,5 22,3 
1979-2010 7.752 34,4 65,6 35,9 
After 2010 5.569 47,9 52,1 47,3 
Kastoria Kastoria 
Before 1979 28.880 9,2 90,8 21,6 
1979-2010 8.007 33,3 66,7 34,8 
After 2010 5.754 46,3 53,7 45,9 
Florina Florina 
Before 1979 30.588 8,7 91,3 20,6 
1979-2010 8.491 31,4 68,6 33,0 
After 2010 6.080 43,8 56,2 43,6 
 
 
The highest annual load fraction (F) was calculated for the prefecture of 
Lasithi in Crete and the lowest for Florina, in reverse to the annual energy demand 
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(L). The annual energy demand varies according to region and Cases. The average 
relative difference of (L) between Case 1 and Case 3 was 364,9%. The average 
relative difference of (L) between Case 2 and Case 3 was 31,3%. 
The annual load fraction of SH+DHW is not a clear function of latitude, 
though in increasing latitude the tendency is to decrease, it depends on the 
meteorological data for each city. The following graph presents F as a function of 
latitude, for Case 1, Case 2 and Case 3. 


















Before 1979 (Case 1)
1979-2010   (Case 2)
After 2010   (Case 3)
 
Graph 9.3.1:  Annual load fraction (F) with regard to latitude for the three examined Cases. 
 
The following tables presents the three best and worst cases-prefectures in 
terms of NPV (compared to OIL and NG) and PBP (compared to OIL and NG) that 
derived by the analysis, for Case 1, Case 2 and Case 3. As the constructing period was 
the most effective parameter on the annual load for heating (LH), which has direct 




Table 9.3.2:  Feasibility analysis NPV and PBP best and worst cases, for 20 m
2
, 1.500 lt, 45
o
 slope, 
9.870 € (Case 1 Um=2,958 W/m
2
K), selective paint, single glazed, solar SH+DHW system of the RH. 
r=1,71%, i=8,36%  
 
 













22.294 € 5.476 € 5,7 10,7 
Evritania Karpenisi 20.209 € 4.505 € 6,0 11,4 





12.632 € 979 € 7,7 14,7 
Rethimno Rethimno 11.705 € 548 € 8,0 15,0 
Evoia Halkida 11.539 € 471 € 8,0 15,0 
 
 
The optimal location was Tripoli, and the worst was Halkida. Table 9.3.2 
reveals that the system of Case 1 is economically efficient for cities located in Climate 
Zones D or C, especially if the alternative conventional fuel is OIL. For south Greece, 
Crete and cities in Climate Zone A it is should be avoided, due to high PBP and low 
NPV. If NG is the alternative conventional energy carrier, it should be avoided 
always. An alternative that requires further feasibility analysis, but it is beyond the 
topic of the present thesis, is the combination with solar cooling by absorption or 
adsorption thermodynamic cycle systems, commercially available nowadays for 
householders. Alternatively investing in domestic grid connected PV systems would 
be more profitable. 
Table 9.3.3:  Feasibility analysis NPV and PBP best and worst cases, for 7,8 m
2
, 500 lt, 45
o
 slope, 
2.800 € (Case 2 Um=1,126 W/m
2
















10.830 € 3.920 € 4,2 7,3 
Evritania Karpenisi 10.185 € 3.620 € 4,3 7,6 




7.833 € 2.525 € 5,1 9,0 
Evoia Halkida 7.692 € 2.460 € 5,1 9,1 
Rethimno Rethimno 7.593 € 2.414 € 5,1 9,1 
 
 
The optimal location was Tripoli, and the worst was Rethimno. Table 9.3.3 
demonstrates that the system of Case 2 is on the limit of being not feasible, 




Table 9.3.4:  Feasibility analysis NPV and PBP best and worst cases, for 7,8 m
2
, 500 lt, 45
o
 slope, 
2.800 € (Case 3 Um=0,588 W/m
2
K ), selective paint, single glazed, solar SH+DHW system of the RH. 
r=1,71%, i=8,36%  
 
 













9.418 € 3.263 € 4,5 8,0 
Kastoria Kastoria 9.389 € 3.250 € 4,6 8,0 





7.169 € 2.216 € 5,3 9,5 
Evoia Halkida 7.146 € 2.206 € 5,3 9,5 
Rethimno Rethimno 6.999 € 2.137 € 5,4 9,6 
 
 
The optimal location was Florina, and the worst was Rethimno, for Case 3. 
Table 9.3.4 demonstrates that the system of Case 3 is on the limit of being not 
feasible, concerning NG, with high PBP and low NPV. In case of OIL it is feasible for 
every Greek city. 
Generally the systems of abetting conventional SH+DHW could be 
characterized feasible, concerning positive NPV, and PBP which is less than the 
investment’s life cycle. There are cases with low NPV and very high PBP. Thus, 
feasibility analysis is absolutely necessary in order to examine other possible 
alternatives like domestic grid-connected PV systems. 
 84 
10 FURTHER RESEARCH SUGGESTIONS 
 
10.1 SUGGESTIONS 
 Some suggestions for further research are: 
1. Feasibility analysis of solar DHW systems concerning other parameters 
like orientation, collectors’ surface, boiler volume and combinations in 
order to create a guiding map according to orientation, once in many 
cases, positioning takes place in different azimuth angles due to 
architectural constrains. 
2. Feasibility analysis on autonomous PV systems, considering grid 
connection expenses according to distance and PPC charges. 
3. Comparison in terms of economic efficiency between solar SH+DHW 
abetting systems and “air to water” heat pumps for heating and cooling 
collaborating with fan-coils, for the three construction periods. 
4. Feasibility analysis of split-type air conditioning units with inverters and 
conventional electrical water heaters with solar SH+DHW systems, for 
the three construction periods. 
5. Feasibility analysis on grid-connected PV systems, with variable the FIT. 
The equilibrium of FIT that would derive the same NPV and PBP with 
solar SH+DHW systems. 





Correction factor (τα)/(τα)n for time period and placement slope. Third grade 
regression analysis per month and coefficient of determination, for Single and Double 
Glazed solar collectors. 
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Feasibility analysis, cumulative money flows (Revenues), for 51 Greek cities-
prefectures capitals, plus one more of Attica, of solar Domestic Hot Water (DWH) 
production system. Simple paint, Single glazed, 45
o
 slope, south orientation, 3,1 m
2
 
surface , 160 lt boiler, 820 € initial cost, 8,39% energy inflation, 1,71% real interest 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Feasibility analysis, cumulative money flows (Revenues), for 51 Greek cities-
prefectures capitals plus one more of Attica, for solar Domestic Hot Water (DWH) 
production system. Selective paint, Single glazed, 45
o
 slope, south orientation, 3,1 m
2
 
surface , 160 lt boiler, 940 € initial cost, 8,39% energy inflation, 1,71% real interest 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Feasibility analysis, cumulative money flows (Revenues), for 51 Greek cities-
prefectures capitals, plus one more of Attica, of solar Space Heating (SH) abetting 
and Domestic Hot Water (DWH) production system. Selective paint, Single 
glazed, 45
o
 slope, south orientation, 20 m
2
 surface , 1.500 lt boiler, 9.870 € initial 
cost, 8,39% energy inflation, 1,71% real interest rate, 1,40 €/lt price of oil, 0,08 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Feasibility analysis, cumulative money flows (Revenues), for 51 Greek cities-
prefectures capitals, plus one more of Attica, of solar Space Heating (SH) abetting 
and Domestic Hot Water (DWH) production system. Selective paint, Single 
glazed, 45
o
 slope, south orientation, 7,8 m
2
 surface , 500 lt boiler, 2.800 € initial cost, 
8,39% energy inflation, 1,71% real interest rate, 1,40 €/lt price of oil, 0,08 €/kWh 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Feasibility analysis, cumulative money flows (Revenues), for 51 Greek cities-
prefectures capitals, plus one more of Attica, of solar Space Heating (SH) abetting 
and Domestic Hot Water (DWH) production system. Selective paint, Single glazed, 
45
o
 slope, south orientation, 7,8 m
2
 surface , 500 lt boiler, 2.800 € initial cost, 8,39% 
energy inflation, 1,71% real interest rate, 1,40 €/lt price of oil, 0,08 €/kWh price of 
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